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ABSTRACT
Water quality impairment in many water bodies in the state o f Louisiana is attributed
to agricultural nonpoint sources of pollution. Many of these use-impaired streams have also
been hydromodified to facilitate agricultural development, deepening and straightening the
channels to form “stretch lakes”. This dissertation evaluated the unique, and previously
uncharacterized and unquantified ricefield loadings and their impacts on these dystrophic
waterbodies in order to provide the Louisiana Department ofEnvironmental Quality (LDEQ)
with assessments of stream impacts from implementing altered cropping practices known as
“best management practices (BMPs).
In order to produce an assessment of rice BMPs, this dissertation developed several
unique tools:
1)

Development of the LA Reaeration Equation and Measurement of Dispersion

Dispersive mixing was found to be significant in these low velocity, hydromodified streams,
requiring the use of a dynamic model and necessitating the development of measurement
techniques, and the development of empirical equations so that reaeration may be tied to the
depth and velocity profiles found in the “stretch lakes”.
2)

Determination of SOD and Mechanism of Deoxvgenation

The stream was found to have a dissolved oxygen (DO) deficit that is sediment oxygen
demand (SOD)-driven and the bottom anoxia was shown to be heavily impacted from
agricultural nutrients, sediments and organic material.

The SOD determined during

calibration far exceeded those found in the literature; values of 4.0 g-O/m^day in the rice
receiving streams were not uncommon.
xiv
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3)

Characterisation and Quantification of Ricefield Discharge BMP and Sediment Flux

Pollutant Loads
Oxygen-demanding pollutant loads (carbonaceous biochemical oxygen demand, CBOD and
nitrogenous, NBOD) were quantified for headwater, ricefield BMP discharges and
resuspended sediment fluxes throughout an annual cycle. CBOD in the sediment flux was
also estimated to be as great as 4.0 g-02/m2/day during critical low-flow.
4)

Development of a Conversion Algorithm From TOC to CBOD,

Characterizing the sediment fluxes and rice discharge constituents required the use of long
term BOD data that is rarely available in datasets. A conversion algorithm from total organic
carbon (TOC) was, thus, developed for use as a surrogate for ultimate CBOD (CBODJ.

XV
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CHAPTER 1
INTRODUCTION
Nonpoint pollution is generally acknowledged to be an expensive social problem. In
a 1984 report to Congress, the U.S. EPA stated that the nonpoint pollution problem is the
predominant pollution problem in half of the EPA’s regions. Nonpoint pollution results from
use or misuse of land, but may be justified by the need for development or agricultural use of
the areas surrounding waterbodies. Nevertheless, the waters in developing areas are
degrading and impairing their future uses. In recognition of this, Congress enacted the 1987
Clean Water Act Amendments, in which states were required to adopt a nonpoint source
(NPS) abatement program.
The reality of the NPS legislation is that NP pollution is a complex
political/social/economic/legal/regulatory/technological problem.

While technological

solutions may be proposed, implementation is difficult due to the initial problems of:
1) identifying the mechanisms of water quality degradation, 2) determining the magnitude of
the problem and what standard will be used to evaluate use-impairment or trophic state, 3)
quantifying and qualifying the constituents, and 4) determining the method to evaluate
implementation programs.
The jobs of water quality managers and policy makers have become very complicated
with the requirement that nonpoint source quality and quantity be assessed for impacts on
receiving waters. Nonpoint source loading is common, but has been previously unquantifiable
due to the following reasons: 1) The nonpoint source pollution is dynamic, and to evaluate
and design a plan of action/control for the pollutant discharges, requires the knowledge of
l
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2

experts in many fields and 2) extensive and costly data collection is necessary to document
baseline water quality such that permitting and/or loading can be determined.
Natural bayous in Louisiana are meandering, slow-moving, shallow bodies of water
bounded by swamps or forests.

Flood control management requires dredging these

waterbodies to allow for continued development in their drainage basins. Dredging these
water bodies straightens the channel (channelization) and helps establish uniform water depth,
reducing the flow rate and velocity and resulting in a depositional environment. High
retention times result in sedimentation of most suspended material. Once deposited on the
benthos layer of the channel, this material exerts a sediment oxygen demand (SOD) and
diminishes the dissolved oxygen (DO) concentration to undesirable levels. Low bottom DO
concentrations can lead to elimination of micro invertebrates in an aquatic ecosystem resulting
in a reduction of upper level biomass and diminishing the value of the stream.
Modeling these waterbodies has been found to be a challenge for several reasons: 1)
Hydrological components of the models, those that calculate the critical parameters, depth
or velocity, may not apply in the hydrologically modified conditions commonly found in
southwest Louisiana. 2) The majority of NPS pollutants, the major contributor to bottom
SOD, are loaded during high-flow regimes while the resulting impacts are exerted during lowflow conditions. Additionally, NPS bank loadings may be difficult to differentiate from point
sources (PS) with respect to bottom demand later in the year, making allocations difficult to
assign and requiring modeling throughout an annual cycle in order to allocate PS and NPS
loadings.

3) Benthal demand is suspected of contributing high levels of ammonia,
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carbonaceous biochemical oxygen demand (CBOD) and SOD in rivers receiving NPS runoff
from agricultural sources, yet, there are no known measurements of these constituents.
4) Insufficient data exist to characterize the water quality o f rice discharges with respect to
deoxygenating potential. Furthermore, the importance o f defining temporal and spatial
changes in receiving stream DO resulting from implementing rice best management practices
(BMPs) has been identified as a necessary step in enhancing the quality of the environment
surrounding ricefields. S) Finally, the fact that channelized, dispersive flow and unsatisfied
benthal demand/SOD require the use of a dynamic water quality model to obtain realistic
simulations of DO in the stream are the salient points of this dissertation.
A classic mass balance equation, or model, may be utilized to represent the processes
driving the biochemical oxygen demand (BOD) and the dissolved oxygen concentration in
streams. The general form of the equation is:

dC = inputs - outputs + transformations
dt

(i.i)

The equation for BOD is (Tchobanoglous and Schroeder, 1979):

— = -K *L -K*L + L a
dt

( 1.2 )

And the equation for dissolved oxygen is (Tchobanoglous and Schroeder, 1979):

ijf

= Kz (Ca- C t ) - K dL - { F * B * R

- P )A /V
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(] 3)

Where: dC/dt
dL/dl
L

change in IX) concentration over time. g/m3/day.
change in BOD concentration over time. g/m3/day.
BOD concentration, g/m3.
BOD loading from nonpoint sources. g/m3/day.
BOD decay rate coefficient, day'1,
BOD settling rate coefficient, day1,
reaeration rate coefficient, day'1,
DO deficit, g/m3.
sediment flux, g-OyW/dav.
benthic demand, g-CVmVday,
algal respiration. g-O^nr/dav.
algal production. gXVm2/day.
bottom area, m2
volume, m3

L,
Kd

K,
K2
(Cs-Ct)
F
B
R
P
A
V

Generally, K2, Kj and K, are represented as first order rate coefficients, while F, B, R and P
are considered zero order. Further, the sediment flux is described as resuspended dissolved
organic carbon (DOC), or as an areally distributed nonpoint source; benthic demand is
generally modeled as sediment oxygen demand (SOD); algal respiration (R), a DO sink, is
generally omitted as a measured or modeled parameter, and instead, photosynthetic
production (P), a DO source, is considered as the net value of the two.
When dispersion is present the governing equations become partial differential
equations with the form (Dresnack and Dobbins, 1968; Adrian et al., 1994; Li, 1972;
McCutcheon, 1989; Thomann, 1973 and 1974; Thomann and Muller, 1987):
K d L - K SL + La

—

dt

+

u

dx

Where: D

=

D

ax
the dispersion coefficient, m2/day.
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(1.4)

5

As an example Bayou Queue de Tortue (BQdeT) is a prototype project for evaluating
the impact of nonpoint source discharges on a receiving water body. Large amounts of field
runoff and instream data have been collected for the site. Dredging BQdeT to accommodate
floodwaters creates essentially rectangular cross-sections and homogenizes the streambed
gradient, reducing the overall velocity and increasing the hydraulic retention time (the ratio
of volume to volumetric flowrate). Restrictions at bridges further slow flows and effect
pooling. Effectively, the channelized sections of the stream become "stretch" lakes, with low
reaeration potential, and are depositional in nature and greatly influenced by ambient
temperature. Habitat destruction and low water column and bottom DO concentrations,
resulting directly or indirectly from dredging, have been demonstrated to effectively sterilize
the benthos layer (Demcheck, 1990) and thus limit the fish population to undesirable
omnivorous species (Smythe and Malone, 1990a and 1991).
Comprehensive studies of the channel morphology and hydrology in the Bayou were
conducted by Smythe and Malone (1989a) and Smythe (1991a, b, and c) and on fish
population numbers and diversity by Smythe and Malone (1989c and 1991). These studies
should provide an understanding of the uniqueness and sensitivity o f streams in southwest
Louisiana, of which BQdeT is representative.
High resuspension loads result from the stream's "memoiy" of historical loading
events. The quiescent, low-flow conditions in BQdeT are conducive to settling, where the
oxygen-demanding materials (carbonaceous and nitrogenous biochemical oxygen demand,
CBOD and NBOD, respectively) of settleable size blanket the stream bottom and exert an
SOD. Material associated with unsettled colloidal particles (such as phosphorous adsorption
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onto clay) or dissolved constituents (such as nitrogen) remains to exert a water column BOD
effect. Due to anoxic bottom conditions, the settled material may not degrade quickly
(relative to seasonal agricultural reloading); rather, due to its "fluffy" nature, it is easily
resuspended upon slight wind, boating or flow conditions where it consumes available water
column DO
The resuspension phenomenon has been infrequently documented by lakes
researchers; it is usually not considered significant to water column DO depletion in streams
due to bottom scour during flowing conditions. However, since the flow regimes and high
hydraulic detention times of BQdeT are similar to those documented in lakes, we should not
be surprised, or hesitate to apply, the comparable nutrient and resuspension dynamics, with
accelerated and aggressive decay patterns found in southern lakes. Neither has the long-term
affect of settled and resuspended components from ricefield discharges been discussed or
quantified in the literature. The need for quantifying and documenting the settling and
resuspended constituents is critical in understanding the magnitude and duration of this form
of NPS pollution.
Allochthonous materials (solids and nutrients) and loading from ricefield discharges
have been measured in the study segment and downstream through several independent
research programs (LDEQ, 1989; Smythe and Malone, 1989d and 1989e; Deshotels, 1990;
Edling el a/, 1991; Feagley eta /, 1990 and 1991; Demcheck, 1990; and Smythe et al, 1991).
From these studies, it is concluded that low flowrates in BQdeT corresponding to times of
ricefield discharge indicate that agricultural runoff is a major contributor to volume, and
proportionally to contaminant concentrations. To demonstrate these impacts, rice planting
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discharges need to be characterized for nutrients, solids and organic content in order to
determine the impacts of rice discharges upon receiving waters. Some research has been
completed that demonstrates rice discharges may be deliterious (Bengtson, et al, 1990;
Demcheck, 1990; Feagley, et al, 1990 and 1991; and Smythe, etal, 1991), but the edge-offield numbers have not included receiving stream impacts, or characterized the water quality
discharges resulting from implementation of various management practices.
Because ricefield runoff does significantly affect water quality immediately and
insidiously (long-term/chronic), the paucity of information on constituent characterizations
of rice discharges, especially with respect to deoxygenating constituents, carbonaceous and
nitrogenous biochemical oxygen demand (UCBOD and UNBOD, respectively) as well as
linking the discharges to receiving stream impact through an annual cycle needs to be
addressed in order to assess the impacts of BMPs.
The low-energy streams' typically found in southwestern Louisiana have been
hydromodified through dredging or flow-control structures to facilitate development,
specifically to allow adequate irrigation and drainage for rice farmers in the area. The net
affect of this process reduces the assimilative capacity of these streams to the very oxygendemanding pollutants for which the stream was hydromodified. Computer models have been
found useful to predict the impacts of pollutant loading to streams with complex
disfunctionality such as those in southwest Louisiana.

i

The term “low-energy" streams refers to streams that have low velocities, consequently they have
a low energy dissipation rate per unit of distance.
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This study presents the results of dynamic simulations of Bayou Queue de Tortue
(BQdeT), a stream in Southwestern Louisiana that has been demonstrated to be use-impaired
due to channelization and NPS discharges (Smythe and Malone, 1990; Smythe, 1991b). The
data used in the calibration are from various intensive, and reconnaissance survey reports
(Smythe and Malone, 1990; Smythe, 1991; Pilione, 1992; and Smythe and Waldon, 1993a,
b, c, and d). The goal of this investigation was to measure hydrologic and kinetic components
that could not be represented by existing empirical equations (such as reaeration and
dispersion), estimate the benthal contribution (in the form of sediment fluxes of CBOD and
NBOD) for various flow regimes, quantify and qualify the pollutants in a typical rice
discharge receiving water and simulate the receiving stream response over an annual cycle.
Loading scenarios to the “typical” stream will represent best management practices (BMPs)
as a nonpoint source pollution reduction that may assist LDEQ in recommending pollutant
reductions to protect the waters of the State.
1.1

Objectives
The objectives of this study are to:

1)

Calibrate the dynamic water quality model, WASP, to the observed stream
hydraulics using the results of a conservative dye tracer.
Adequate hydrological data are necessary in order to predict the fate and transport of

pollutants in a waterbody, and critical for providing reliable stream geometry data. Stream
geometry and time-of-travel are particularly lacking in the slow-moving, low-energy streams
that have been hydromodified to form “stretch lakes” to allow for development in rice culture
areas.
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2)

Calibrate the water quality model of BQdeT, with respect to specific
constituents and decay coefficients, utilizing existing data.
Various agencies have conducted intensive surveys in the agricultural receiving

streams in southwestern Louisiana (LA), but adequate data are available to simulate DO in
the streams throughout an annual cycle. Constituents frequently found in literature associated
with simulating DO include TOC, BOD„ decay and reaeration coefficients and SOD. In the
LA streams typically receiving rice discharges, empirically developed algorithms and
parameter values currently available in the literature may not be within applicable ranges.
New empirical relationships need to be developed to describe the kinetics, loads and ultimate
deoxygenation potential in these “stretch lakes.”
Additionally, the slow-moving streams typified by the “stretch lakes” in southwestern
LA have been determined through previous studies ( Smythe, 1992) to be extremely sensitive
to reaeration (a function of depth). Not only have no accurate measurements been recorded
on these stream types, but current measurement techniques are inadequate to measure
reaeration accurately. This measurement technique must be modified for use in slow-moving,
deep streams, and an algorithm should be developed in order to predict reaeration for various
flow/stream geometry scenarios.
Furthermore, an understanding o f the loading patterns of deoxygenating constituents
and mechanisms of degradation need to be studied for slow-moving, deep, hydromodified
streams such as those found in rice culture areas. It has not been demonstrated that sediment
oxygen demand (SOD) and resuspended materials have as devastating an effect on these
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agricultural receiving streams at low-flow, high-temperature conditions, as during the time
of loading - high-flow, low-temperature conditions.
3)

Quantify the impacts of deoxygenating constituents contributed from a ricefield
discharge typifying a "mudded-in" planting practice.
Mudding-in is the single most utilized rice culture practice in southwestern Louisiana.

Datasets have been developed describing the nutrients and solids discharged during the
planting and harvesting cycles. However, the discharge’s characterizations must be expanded
to include deoxygenating pollutants (CBOD and NBOD).
Additionally, models in literature generally address either field runoff or stream
dynamics. Nonpoint source discharges need to be integrated into a full dynamic water quality
model in order to determine timing and mechanisms of water quality degradation. The long
term effects of ricefield runoff may be due to SOD in nonpoint loading from stream bottom
sediment fluxes or from the banks.
4)

Characterize the discharge water quality of the best rice management practices
(BMPs) with respect to deoxygenation potential.
Ricefield runoffdoes pose a significant water quality problem, both acute and chronic.

The impact of the various discharges is dependent upon the quality and quantity of
constituents, as well as the stream’s “memory” of past loads. Once the pollutant constituents
and loading histories have been identified and stream hydrology characterized over an annual
cycle, the BMP loading scenarios may be used to predict DO levels in the stream at any time
of the year.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

CHAPTER 2

BACKGROUND INFORMATION AND LITERATURE REVIEW
The purpose of this chapter is to present background information on the relationships
between nutrients and organic constituents in ricefield nonpoint source runoff and
deoxygenation in receiving streams

The literature review consists of several research

aspects: 1) overviewing nonpoint source (NPS) pollution and modeling, 2) characterizing and
quantifying NPS ricefield discharges found in literature and evaluating previous efforts to
evaluate the impact on a receiving stream of utilizing rice cropping management practices and
3) identifying existing mathematical models that will adequately represent the channelized,
low-flow conditions typical of the bayous of southwestern Louisiana.
2.1

Modeling Nonpoint Source Pollution
Water quality simulation of nonpoint source pollution has been utilized extensively for

the last decade to calculate sediment runoff from watersheds. These models were studied
by Sabbagh (1989) who concluded that their application is not appropriate for areas with high
water tables and low topography. Models frequently used, such as ANSWERS1, CREAMS2,
BASINS3 and WASP4, address either field runoff or stream dynamics. None link edge-of1

ANSWERS (Aerial Nonpoint Source Watershed Environment Response Simulation) is primarily
a surface hydrology model. It is designed to calculate peak flow rates and total surface runoff for
single events. ANSWERS was designed to compare the effectiveness of alternative land practices
on sediment yield, it does not calculate nutrient or organic movement.

2

CREAMS (Chemicals, Runoff, and Erosion from Agricultural Management Systems) contains
submodels for surface hydrology, erosion and nutrient/pesticide simulation in which surface
sediment movement can be modeled as well as nutrient movement in the soil column. While it
may be widely applicable, the input dataset may require a significant amount of parameterization,
which may be unavailable.

3

BASINS (Better Assessment Science Integrating Point and Nonpoint Sources) is a family of
models that facilitate predicting nutrient concentrations at the bottom of a watershed/drainage
11
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field data with a full dynamic water quality model. New (1998) versions of BASINS and
QUAL2E have been used with some success to model stream response and allocate nonpoint
sources. However, these have very limited applicability in that both rely on a steady-state
water quality model to provide only “snapshots” of a critical timeframe, such as low-flow,
high temperature. While this is acceptable to predict impact at critical low-flow, most
nonpoint source loading occurs at high flow.
Furthermore, the hydrological components of the models, those that calculate the
critical parameters, depth (from formulas, such as Luna Leopold coefficients) or velocity
(from Mannings “n”) may not apply in the hydrologically modified conditions commonly
found in southwest Louisiana. Dredging to accommodate development creates deep channels
with steep sides that can not be simulated using the algorithms for natural streams. For
instance, Leopold assumes that when stream flow increases, width increases by a
mathematically predictable amount. Conversely, when flow goes to zero, depth must be zero.
This is most definitely not the case in the dredged “stretch lakes.” Therefore, utilization of
the available models will require additional parameterization to accommodate the hydrological
features commonly found in southwestern Louisiana.

basin. This family consists of field models (HSPF with land use to generate edge-of-field loads)
and receiving stream components (either HSPF or QUAL2E) . Theoretically, this is the model of
choice to delineate a basin (the built-in expen system determines land use based upon
preestablished databases) and “with the push of a button” receive a stream response at a
“snapshot” in time. However, the BASIN model requires a ridiculous amount of specific
parameterization, relies heavily on the incoded databases (which are quite unreliable with respect
to waterbody locations in Louisiana), and the receiving stream component is a steady-state
model and is not debugged to simulate dissolved oxygen (as of 1999).
4

WASP (Water Quality Analysis Program) is a fully dynamic water quality model. While
excellent for simulating a range of pollutants in differing flow regimes (specifically nutrients and
organics. as well as the stream response- DO) it does not simulate overland flow or runoff.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

13

The largest number of models for nonpoint source pollution loading and receiving
stream impacts has resulted from the USEPA Total Maximum Daily Load (TMDL)Sprogram.
In this federal program the EPA requires states to prepare lists of waterbodies that did not
meet their specified uses.6 The states are then required to prepare TMDL models for those
listed waterbodies in order to allocate to point and nonpoint sources, the total quantities of
specific pollutants allowable in a listed receiving stream during critical low-flow, high
temperature conditions (summer), as well as, high-flow, low-temperature conditions (winter).
This requirement to develop allocation models spurred a flurry o f innovation in the modeling
field, forcing states to advance the state-of-the-art in order to adapt existing models or
develop new ones that would adequately simulate conditions in their states.
2.1.1

An Overview of the 13 EPA-Approved Case Studies
Between 1991 and 1994 the USEPA approved only 13 of these total maximum daily

load (TMDL) case studies (CS); the salient points of these CSs are summarized in Table 1.
These peer-reviewed studies have since been utilized as prototypes for preparing TMDLs for
use-impaired waterbodies. Since 1994, despite a large number of submissions, relatively few

s

These case study TMDLs provided wasteload and load allocations (WLS and LA) as well as a
reasonable margin of safety CMOS) for constituent(s) causing impairment of the specific water
body.

6

Use impairment may be determined by a combination of water quality and biotic indices:
generally narrative standards (“taste and odor not objectionable'” for example) help interpret
numeric standards (for example, DO minimum 5.0 mg/L) are used in conjunction with . To
determine whether an unhealthy7biotic population inhabits a stream reach, assay results may7be
compared against a healthy (reference) stream with similar geophysical characteristics.
Impairment is determined by an unfavorable comparison with respect to biotic population density
and diversity. Implementation of a nonpoint source pollution program is contingent upon the
findings of the comparative biotic assay.
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Table 2.1

Summary of the 13 EPA TMEIL Case Studies

Case Date
Study

State

1

Colorado
(Region
vny
TetraTech

Apr
1992

Water
Bodv

Scope/
Size

River,
South
DA 380
Platte
mi1
River
Segment
15

Land
Use

303(d)
Constituent

TMDL

Urban

Toxic
ammonia
(NH,).
BOD/DO,
Toxics,
Metals

PS, NPS,
Toxics

Model

Project DeKription

Utilized

STREAMDOand
Colorado
Ammonia
model

S.P River flows 270 miles through smooth,
flat western high plains. 65% of the
population of Colorado are settled along 30
miles of the river. The river receives 210
mgdsewageeffluent, wherebackgroundflow
is only 20 mgd. Upstr. is characterized by
heavy commercial md industrial uses. This
segment is characterized by gravel mines,
pasture and ag. lands. “Erosion control’'
(dredging?) Has extensively modified the
upstr. channel and negatively affected
riparian zone, hydrology and assimilative
capacity of the river. Low DO, toxic
ammonia and other toxics and metals
identified S.P. Riveras usc-imapired.
Uses: warm-water aquatic life; recreation;
water supplyandag.
The wateibody is effluent-dominated and
required upgrades to WWT and more
stringent NPDES limits to resolve ammonia
and subsequent DO problems. Continued
monthly ambient minitoring recommended;
no LAs.
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Table2.1

(Continued)

Case
Study

Date

State

Water
Body

Scope/
Size

Land
Use

303(d)
Constituent

TMDL

Model
Utilized

Project Description

2

June
1992

Central
Idaho
(Region
X)/
TetraTech

South
Fork
Salmon
River

River,
DA 370
miJ

Silvicult

Fine
sediment

NPS
phased

BOISED1

1988 Idaho NPS Assessment listed 3
segments of S.Fork Salmon R. as water
quality limited (Chinool salmon and
sleeclhead trout spawning area) due to fine
sediments originating from forestry
activities.
Implementeda TMDL to reduce scd. loading
from human activities by 25%, and BMP
implementation with monitoring.

3

7

Aug.
1992

Colorado
(Region
VII)/
TetraTech

Woods
Creek
and the
West
Fork of
Clear
Creek

Subwatcrshed, DA
19.8 miJ

Mine
dcwatcring/
Metals
mining

Toxics,
Metals

PS, NPS

Mass
balance
equation

W.Fork of Clear Creek was impaired by
trace metals from minimg activities.
EPA concluded that WLAs alone would not
attain applicable water quality standards.
Thus, TMDLs were calculated using a
simple mass balance.
WLAs were
implemented as well as LAs through BMPs.
Monitoring will determine effectiveness and
possible necessary revaluation

“BOISED is an operational sediment yield model that is used by the Boise and Payette National Forests to evaluate alternative land management
scenarios. It is a local adaptation or the sediment yield model developed by the Northern and lntcrmountain Regions of the Forest Service for
application on forested watersheds of approximately 50 square miles that arc associated with the Idaho Batholith."
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Table 2.1

(Continued)

Case
Study

Date

State

Water
Body

Scope/
Si/.c

Land
Use

303(d)
Constituent

TMDL

Model
Utilized

Project Description

4

Nov.
1992

Virginia/
Potomac
River
(Region
III)/
Research
Triangle
Inst.

Nomini
Creek

Small
watershed
1505
hectares

Ag.

Nutrients
(phos
phorous).
Sediment

NPS

SLOSS8,
PHOSPH’,
GIS

Chesapeake Bay was identified in the early
1970's as not fiilly meeting its designated
uses due to low DO, currently meeting all
uses, but high level of nutrients w/ eroding
cropland responsible for 95% of sediment
and phosphorous delivered to the
wastcrbody. This project was a pilot to
target critical NPS loading areas and
implement BMPs/ allocate LAs accordingly.
Nutrient loads from agriculturc(rowcropping of com, barley and wheat) were
recommendedto be reducedby 40%through
the implementation of BMPs. Used GIS to
identify NP loading areas. A 10-year
monitoring program (completed in 1995)
was recommendedtodetermine effectiveness
of BMPs.

8

“SLOSS, developed by Virginia Polytechnic and State University, is a simplified polllutant yield model designed to estimate soil loss and sediment
delivery to a stream. It is based on the Universal Soil Loss Equation (USLE) and can be modified to estimate potential soil erosion for each
hydrologically homogenous cell in a watershed."

9

“PHOSPH, developed by Virginia Polytechnic and State University, is a simple nonpoint source yield model.

a
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Table2J__fContinued2
Case Date
Study1

State

Water
Body

Scope/
Size

Land
Use

303(d)
Constituent

TMDL

Model
Utilized

Project Description

5

North
Carolina
and
Virginia
(Region
III)/
Research
Triangle
Inst.

Albcrmarlc/
Potomac
multi
basin
estuary

Multi
basin
estuary,
DA
30,880
miJ

Ag.,
Forestry,
Urban

Nitrogen,
Phos
phorous.

PS, NPS

GIS

Over the decade of 1980 to 1990, this basin
experienced water quality problems ranging
from fish kills and algal blooms to declining
populations of aquatic vegetation and
decreasing shellfish yields due to excessive
nitrogen and phosphorous loadings (human
waste, wetlands draining, near-stream
development, agricultural and urban runoff).

Nov.
1992

The basin is prized for recreational activities
(swimming, boating, fishing, shellfish
harvesting), and is a significant nursery for
East Coast fisheries.
This study calculated NPS nitrogen loads for
68 subbasins in N.C. to help prioritize
critical areas for the TMDL process. Actual
TMDLs were not done.
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Table 2.1

(Continued)

Case
Study

Date

State

Water
Body

Scope/
Size

Land
Use

303(d)
Constituent

TMDL

Model
Utilized

Project Description

6

Dec.
1992

Southern
Minn.
(Region
V)/
TetraTech

Lower
Minn.
River

River,
DA 320
mi’

Ag.

CBOD,
Ammonia

PS, NPS

Qual II,
RMA-1210,
HSPF"

The Minn. River’s sandy white river beds
have degraded to murky brown and muddy
due to soil, pesticides, fertilizers, O/G, toxics
and human waste. Water quality has
impaired the water’s ability to support
Fishing and swimming, due to low DO and
high un-ionized ammonia (especially in
summer w/ high temps and pH). State
standard Domin=5 mg/L.
The Minn. River is used for agriculture and
residential and commercial development. Its
mixed uses range from upstream uses
(propagation and maintenance of Fish,
swimming) to lower water quality
downstream uses (navigation).
A 1980 Study found headwater NPS loading
comprised 81% of the CBOD, PS 13% and
tribs 4%.

10

RMA-12, a version of the steady state QUALII model, considers the organic and ammonia forms of nitrogen and considers the direct uptake of
ammonia by algae.

11

HSPF was used to characterize the effects of NPS loads.
oe
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Table 2.1

(Continued)

Case
Study

Date

State

Water
Body

Scope/
Size

Land
Use

303(d)
Constituent

TMDL

Model
Utilized

Project Description

7

Dec.
1992

Michigan
(Region
V/Jay
Suppnick,
Mich.Dpt.
Of Nat.
Res.

Syca
more
Creek

River,
DA960
km2

Ag.

Sediment
(sorbed
nutrients)

NPS

DO model
(O’Connor
and DiToro,
1970), NPS
loading
model

A warm-water stream that drains flat ag.
land. Dredged S.Crcck is representative of
streams in S. Michigan that receive
primarily ag. runoff Sediment carrying
sorbed nutrients and BOD results in DO
collapse and SOD is significant under
drought conditions; NPS contribute more to
the oxygen demand than PS because of DO
violations at all sites upstream (where no PS
dischargers exist) of WWT plant. Mason
WWT plant discharges 1.5 MGD where
stream flow is 1.3 cfs at drought flow (thus,
effluent-dominated). Estimate that solids
needed to be reduced by 52% in order to
meet state DO standards (Domin=5 mg/L)
Uses include: warm-water fish; other
indigenous aq. life and wildlife; total body
contact; recreation; navigation; industrial
and ag. water supply. Researcher related
COD to TSS (- Turbidity =75 + as a filter);
and 1:1 SOD reduction:DOdeficit reduction;
no BOD or nutr. measurements.
Recommended sed. reduction to effect a
firmer strm btm; reduce SOD and aq. plant
respiration; and deepen the channel to
improve navigation NPS reduction through
BMP implementation is possible but no final
plan to achieve necessary reductions.
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Table 2.1

(Continued)

Case
Study

Date

State

Water
Body

Scope/
Size

Land
Use

303(d)
Constituent

TMDL

Model
Utilized

Project Description

8

Jun.
1993

Colorado
(Region
VIII)/
TetraTech

Boulder
Creek/
S. Platte
River
Basin

River,
DA 4.6
mi1

Urban,
Ag. &
Grazing

Un-ionizcd
ammonia
(NH,).
Nutrients

No.
Enhance
ment
project
(not a
TMDL)

Modeling &
full scale
testing

A UAA showed aquatic life impaired due to
un-ionizcd ammonia (with high pH and
water temp; with low alkalinity- no buflcr)
from PS (WWT) and NPS (agriculture,
cattle grazing, surface mining and water
diversion) and degradation of riparian zone
in channelized areas where high T and pH
favor conversion of ammonia to toxic,
unionized form.
Uses include class 1 recreation, warmwatcr
aquatic life and agriculture.
Existing data indicatedthat NPS contributed
60% of BOD, 83% TDS, 82% NO,, 30%
phosphate and 17% ammonia loading.
Modeling showed that conditions in the
Crock (csp. pH) were too sensitive and
variable to calibrate; thus, a demonstration
project was needed. More stringent PS
limits, BMPs, habitat restoration of
channelized areas and followup monitoring
were recommended.

o

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

Table 2.1

(Continued)

Case
Study

Date

State

Water
Body

Scope/
Size

Land
Use

303(d)
Constituent

TMDL

Model
Utilized

Project Description

9

1992

Delaware
(Region
III)/
TetraTech

Appoquinimink
River

River.
DA
30,200
acres

Ag.,
Urban

Phos
phorous
(algae)

PhsedPS,
NPS

WASP4/
EUTR04,
run in
steady-state
mode, using
a full linear
DO balance
(level 3
order of
complexity)

The headwaters & major tribs. of the A.
River arc tidal, freshwater draining flat
coastal plain ag. area and feed four major
impoundments. In 1986 rcc. uses curtailed
due to wq problems, csp. excessive algae and
DO deficit resulting from phos. loading.
Impaired by low DO (state std. Domin=5.5
mg/L June-Sept.). Cropland cst. to contrib
>75% nitr. and phos. from NPS; nitr. contrib
NPS>scptic tanks>WWTP, PScontribs. 32%
phos. in watershed. Uses of the river arc:
primary and secondary contact tec.; fish, aq.
life, and wildlife; indust. & ag. water
supplies. Land use in the basin is primarily
ag.; with forest andwetlands and one PS (0.5
MGD WWTP). Constit. mon. were DO,
temperature, BOD,, NH3, TKN, TP,
organophosphate (SOP, bioavailablc phos),
salinity, pH and diel DO. Impl. a phased
TMDL for phosphorous on the tidal
freshwater reach. First phase includes: “1)
limits PS loads at existing levels to prevent
incr. frequency of DO std. violations, 2)
characterizes NPS nutr. loads and impacts
on receiving waters, 3) describes w.q. monit.
and modeling studies necessary to determine
the second phase TMDL and 4) plans and
schedules activities that will lead to the
implementation of the Phase 11 TMDL.
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Sept
1993

North
Carolina
(Region
ivy
Research
Triangle
Inst.

TarPamlico
Basin

Water
shed,
DA
11,650
kmJ

Ag.,
Urban

Nitrogen,
Phos
phorous

No

Hydrodynamic
cstuarinc
model

Highly prized for rcc. fishing, boating and
swimming and drinking water for 8 cities
and towns. Use impairment is from high
nutr. loads from ag runolT resulting in
dinoflagellate blooms, prod, large amounts
of organic caibon, ox. depletion and fish
kills. Phos. in the basin: 66% from NP, 25%
STPs, 9%phos. mining. Nitr. in basin: 83%
from NP Ag. runoff, bal. urban NP runoff.
Ag. and forestry arc primary land uses.
Nitrogen was determined to be the limiting
factor for plant growth in the basin. A
“nutrient trading strategy"12proposed bctw.
PS and Ag. where industry provides funds
for ag. BMPs, because BMPs arc more cost
effective (on a per kg removal basis) to
implement than cap. outlays for new tmt.
facilities'2. Minor cap. improvements and
opcr. changes to WWT plants, BMP
implementation to reduce ag. runoffand GIS
to track monitoring info.

12

“Nutrient trading sets up an overall reduction goal and allows nutrient sources to find the most cost-cfTcctivc way to allocate allowable loads. Polluters
have the flexibility to trade reduction credits amon themselves or to pay to control pollution at other sources, as long as the total nutrient limit for the
basin is not exceeded. (EPA, 199.1)“

13

EPA estimates that controlling 1 unit of NPS loads with BMPs costs 1/10 as much as controlling the same load from a WWT plant (EPA, 1993).
Maximum allowable nutrient loads arc calculated. If these arc exceeded, the assoc, members pay $56 times the csccss loading (kg).
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Jan.
1994

Wash.
(Region
X)/
Research
Triangle
Inst.

Lake
Chelan

Lake,
DA 2,393
km1

Forestry
Ag.,
Urban

Phos
phorous.
Bacteria

PS, NPS

Steady state
model

Ultra-oligotrophic14, this lake is one of the
most pristine water bodies in N. America.
Not on 303(d) list but increasing
development raised caonccns about
maintaining the lake’s high water quality.
Uses include drinking water for 6000,
irrigation water for 18,000 acres,
hydroelectric power, water-related
rocrcationa nd fisheries production.
Recommended minimizing phophorous.
increases from tributaries and groundwater,
urban runoff and septic systems. Estimated
that development/growth in the basin will be
limited in 35 years (from 1991).

14

Ultra-oligotrophic waters have TP concentrations <4.5 ug/L. TN;TP ratios may be as large as 30:1.
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April
1994

Delaware
(Region
III)/
TetraTech

Appoquinimink
River

River,
DA
30,200
acres

Ag.,
Urban

Phos
phorous
(algae)

PS, NPS
phased

EUTR04/
WASP4,
DYNHYD5
run in
dynamic
mode to
simulate
dispersive
tidal activity
and alage
cycle.

DO deficit from excessive phosph. loadings
is the major w. q. problem. Also excessive
algal growth with dic-ofTand sedimentation
of org. matter were contributing to the SOD.
From STORET data, phos. determined to be
the factor limiting algae growth. Uses
include primary and secondary contact
recreation; fish, aquatic and wildlife; indust,
and ag. water supplyies. An intial steadystate model of the basin was run and loads
for TP, OP and TN were too large by a factor
of 8 over the later dynamic model. No
bcnthal flux values avail, in lit. so used
stoichiometric ratios of 0:C:N:P
(109:41:7:2: l)dev. by A C. Redfield(Stumm
and Morgan, 1981). SOD rates modeled
within 0.S and 1.5 g-Oj/mVday, “typical
ranges for estuarine muds found in the
literature" (USEPA, 1985). K2values from
literature. It was determined through
modeling that even the most aggressive
pollution removal scenario - zero PS disch.,
50% removal of NPS phos. and nitr., 50%
removal of SOD, ammonia and phos. flux
from sediments • provided marginal
difference in DO. System is SOD-driven:
1) Define the phos. load red. needed to meet
DO criteria, 2) char. NPS nutr. loads, and 3)
monitor and model SOD.
K»
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Aug.
1994

E.Ccntral
Calif &
W.
Nevada
(Region
IX)/
Research
Triangle
Inst.

Truckcc
River

River,
DA 2300
mi3

Ag.,
Urban

Nitrogen,
Phos

PS, NPS

DSSAM
III15

Heavy growths of aquatic weeds and bcnthic
algae exacerbated by high nutrient loads and
low-flow (with no flushing) have decreased
DO in water column due to plant respiration
and decaying biomass.

phorous,

TDS

This river is a closed system, losing all its
water to evaporation, irrigation and
infiltration.
Crops include alfalfa,
cantaloupe, onions and garlic. Uses include:
irrigation, livestock watering, water and
non-water contact recreation, industrial
supply municipal or domestic supply and
wildlife propagation, and prpoagation of
aquatic life.
TMDLs include LA forNPS andbackground
sources and one WLA. Numerous NPS
control projects include: stromwatcr
permitting and riparian restoration.

is

DSSAM III is a water quality model used to develop nitrogen, phosphorous and TDS TMDLs in the Truckcc River. It was designed for systems in
which bcnthic processes dominate water quality.

26

TMDLs have been approved by EPA. Those approvals that are available and published in
peer-reviewed literature consist mostly of point source allocations for wastewater treatment
plants and nonpoint source allocations for sediment; some are for DO deficient streams,
usually due to eutrophicaton16and are modeled in steady-state mode.
2.1.1.1

EPA’s Case Studies’ Use of Steady-State vs Dynamic Models

All but one of the approved TMDLs were developed by applying steady-state models
to projected critical summer (low-flow, high-temperature) and winter (high-flow, lowtemperature) conditions. Recognizing that the majority of nonpoint source pollutants, the
major contributor to bottom SOD, are loaded during high-flow (not necessarily iowtemperature) and the resulting impacts are exerted during low-flow (not necessaily hightemperature) conditions. Dynamic modeling throughout an annual cycle allows allocations
for NPS loading to be tailored for specific reaches and times.
Only in CS #12 was dynamic modeling attempted due to tidal dispersive boundary
conditions (TetraTech, 1994). This water quality model was developed during a hightemperature, low-flow condition of a river, using survey data gathered for the data-intensive
DYNHYD hydrologic model. An earlier steady-state model for the same river resulted in
estimated loads for TP, OP and ammonia that were eight times higher than those estimated
using the dynamic model (TetraTech, 1994). It can be seen that the benefit of dynamic
modeling even for a small, but critical, time window, can be significant; allowing for more
adequate simulations of difficult flow regimes and, thus, water quality.

16

Eutrophication is nutrient enrichment with algal cyclin g with subsequent benthal oxygen demand
from die-off and sedimentation.
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2.1.1.2

Case Studies Reporting Impacts of Hydromodification on Water
Quality

As in southwestern Louisiana, several of the CSs were streams that had been
hydromodified (dredged) to facilitate agricultural development, or to facilitate navigation
(TetraTech, 1992a, 1993; Suppnick, 1992). These cited problems with habitat destruction,
temperature problems (due to minimal shading), and stream bank erosion contributing
sediments. Channelization left stream banks exposed with unstable, erodable banks; pools and
riffles were eliminated and channels were deepened, effectively reducing reaeration. In the
cited case studies, instream aquatic vegetation flourished due to high temperatures from the
lack of shading, resulting in elevated instream pH17and favoring the conversion of ammonia
to its toxic, un-ionized form.. The water quality in the rice-receiving streams of southwestern
Louisiana is too murky to allow an appreciable algae population; however, should the water
clear, this may become a problem in these streams.
2.1.1.3

Case Studies Reporting Instream DO Deficits

Nine of the 13 Case Studies reported use-impairment o f waterbodies as a result ofDO
deficits (TetraTech, 1992a, 1992d, 1992e and 1994; Research Triangle Institute, 1992a,
1992b, 1993 and 1994; Suppnick, 1992). In every case, agriculture (primarily row-crops, no
rice) dominated as a land use. In the two cases where the DO was sufficiently low to result
in fish kills, whether nitrogen or phosphorous was found to be the limiting factor in algae
growth, eutrophication appeared to be the problem. In classic eutrophication scenarios, the
streams experienced high “nutrient” levels, resulting in algae blooms, die-off and

17

As a result of photosynthesis, algae strip CO2 from the water column . resulting in pH increases.
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sedimentation with subsequent unsatisfied benthal oxygen demand, leading to DO collapse
in the water column with fish kills (Research Triangle Institute, 1992b and 1993). These
cases did not specify a BOD problem resulting from nitrogenous oxygen demand from
nitrogen components in NPS runoff which is usually the case in the hydromodified, slowmoving streams of southwestern Louisiana.
2.1.1.4

Case Studies Reporting Excessive SOD or Benthal Oxygen
Demand

In CS#6 TetraTech ( 1992d) described high levels of ammonia, CBOD and high SOD
in a river headwater receiving only NPS runoff from agricultural row-crops. This stream also
had a problem with algae and conversion of ammonia to its un-ionized form in the high pH
environment. Eutrophication appears to be the mechanism for DO collapse rather than
NBOD from nitrification of the ammonia.
In CS#7 Suppnick (1992) described DO collapse from algal blooms and high SOD
due to high phosphorous sorbed onto sediments in the NPS runoff from agricultural fields.
He went so far as to relate chemical oxygen demand (COD) to total suspended solids (TSS)
with a turbidity filter, an interesting use of a water quality surrogate for estimating pollutant
deoxygenation potential. When measurements of turbidity were low (<75), Suppnick (1992)
documented a good correlation between COD and TSS because the source of organic solids
in these samples was from stream bank erosion (the NPS contributor at one reach in his
watershed) which was fairly homogenous. His model predicted that a proportional response
in SOD rates to reductions in TSS was reasonable, thus, TSS (therefore the sorbed
phosphorous) was the allocated constituent.
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In CS#9, TetraTech (1992e) used WASP4/EUTR04 in the steady-state mode with
a full linear DO balance (level 3 order of complexity) to simulate diel DO. Phosphorous was
the limiting factor in proliferation of algae whose death and sedimentation cause the SOD.
Limiting phosphorous loads and allowing the SOD to gradually decrease over time was the
regulatory approach.
Finally, in CS#12, we observe more similarities to the Louisiana dilemma. This
waterbody has in common with conditions in Louisiana, low-energy, tidally influenced flow
in a hydromodified reach that has limited ability to reaerate. The stream “slops” back and
forth, so that dispersive mixing during critical low-flow is significant. The stream also has a
dissolved oxygen (DO) deficit that is sediment oxygen demand (SOD)-driven1*, something
that is seen frequently in the streams and bayous of Louisiana. At the time of their study,
SOD data were not available to TetraTech (1994), thus, values found in literature ranging
from 0.5 to 1.0 g-OVmVday were used in their calibration (EPA, 1985). Additionally, they
had no benthal flux data for ammonia nitrogen and phosphorous (areal nonpoint source
resuspension, or sediment flux as it will be referred to in Chapter 4), so the fluxes were set
based upon stoichiometry and the classical ratios for 0:C:N:P (109:41:7:2:1) developed by
A C. Redfield (Stumm & Morgan, 1981).
Evidence of use-impairment due to low DO will be presented for BQdeT (Section
2.2.2), a typical stream in southwestern Louisiana channelized to receive rice discharges. For

is

In CS #12, it was determined through modeling that, even with the most aggressive pollution
removal scenario - zero PS discharges. 50% removal of NPS phosphorous and 50% removal of
SOD. ammonia and phosphorous in sediment flux - only a marginal difference in DO would be
effected.
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the warm months DO was found to be below the state's minimum of 5.0 mg/L (Figure 2.2)
and a significant unsatisfied benthal demand was suspected from the vertical/homogeneous
DO concentrations with depth (Figure 2.4). The SOD values cited by studies for Louisiana
streams similarly impacted to BQdeT by ricefield discharges (Waldon, 1990a, 1990b and
1990c; Smythe, 1991 and 1998; Smythe and Waldon, 1993) streams far exceeds those found
in the literature (EPA, 1985). Values of 4.0 g-O/nr/day were not uncommon in these
studies, in fact, recent estimates of the unimpacted reference streams in the state all have SOD
values greater than 1.0 g-O/nr/day (Smythe, 1999).
Further, if we consider the literature ratios of bottom fluxes for C:N used by
TetraTech (1994) were 41:7, or 5.86.

in models of streams previously cited receiving

ricefield discharges ((Waldon, 1990a, 1990b and 1990c; Smythe, 1991 and 1998; Smythe
and Waldon, 1993), the ratios were determined to range from 0.92 to 3.44; indicating there
may be significantly more nitrogen released into the water column from the bottom than
literature predicts. Therefore, since nitrogenous species require approximately twice the
oxygen to oxidize them than carbonaceous materials, the use of literature ratios to predict
deoxygenating capacity o f bottom fluxes would seriously compromise a predictive model.
The cause of the DO deficit in CS #12 was due to phosphorous enrichment leading
to eutrophication conditions with subsequent algal cycling and benthic anoxia. Rather, the
facts that channelized, dispersive flow and unsatisfied benthal demand/SOD required the use
of a dynamic water quality model (WASP5/EUTR05) to obtain realistic simulations of DO
in the stream, are the salient points of the case study review to this dissertation. As discussed
in Section 2.1.1.1, an earlier steady-state model for the same river (WASP4 in steady-state
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mode) resulted in estimated loads for TP, OP and ammonia that were eight times higher than
those estimated using the dynamic model (TetraTech, 1994). This is a clear demonstration
of the necessity for using dynamic models to produce defensible simulations of streams with
difficult flow regimes and consequently, more realistic water quality simulations. In general,
however, dynamic models are avoided because of the large amount of data required to
calibrate them
In Louisiana the bottom anoxia is suspected to be from agricultural nutrients,
sediments and organic materials. Many of the wasteload allocations (WLAs) and several of
the TMDLs recently submitted to EPA by the Louisiana Department of Environmental
Quality (LDEQ) - Mermentau River Basin TMDL (LDEQ, 1999a), Bayou Plaquemine Brule7
River Basin TMDL (LDEQ, 1999b), Bayou de Cannes Basin TMDL (LDEQ, 1999c), Bayou
Teche TMDL (LDEQ, 1999d) and a TMDL for a use-impaired reference stream19(Smythe,
1999) have recommendations similar to CS #12 - more stringent PS limits and significant
allocations (usually >50%) for NPS and SOD. However, without dynamic modeling,

19

The reference stream program in Louisiana was developed following EPAs request “for baseline
modeling conditions and for other characteristics to be used in the classification of these
streams...to develop default loading and rate characteristics for a variety of relatively unimpacted
reference stream types for use in calibrated and uncalibrated modeling of impacted streams
(Duerr. 1995)”.
22 classifications of reference streams have been identified for Louisiana. The classes are
characterized by a cluster of geomorphological characteristics including morphology’, substrate
and hydrology for streams that are relatively unimpacted by dischargers (point or nonpoint
sources) or hydromodification. The streams in the 22 classifications of LA reference streams
typify other streams in their classification.
The purposes of the LA Reference Stream project were to survey and simulate baseline conditions
in order to estimate: 1) reasonable loading and decay rates and 2) dissolved oxygen
concentrations for an undisturbed reference stream, then 3) to project DO concentrations at
critical summer and winter conditions. Presumably, these rates, loads and projections would also
identify’ naturally dystrophic waters in the State.
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characterizations of the flow dynamics may be inadequate to describe fate and transport of
pollutants. Furthermore, nonpoint source bank loadings may be difficult to differentiate from
point sources with respect to bottom demand later in the year, thus, allocations may be
difficult to assign.
A significant amount of research has been conducted in the Bayou Queue de Tortue
Basin, both in the stream and in the rice fields. Water quality surveys have been conducted
on the stream routinely and intensively by LDEQ, other state and federal agencies and
universities.

These surveys provided kinetic data, ambient water quality datasets and

hydraulic data. Ricefield discharges have been studied by the LDEQ in collaboration with
universities and federal agencies to identify management practices and respective discharge
water quality. These datasets will be discussed in this section as they apply to the modeling
effort as: 1) LDEQ Ambient Water Quality database; 2) LSUCE Ambient Water Quality
study and 3) an overview of modeling types frequently utilized to model receiving streams.
2.2

Ricefield Runoff Characterization, Receiving Stream Impacts and BMP
Assessments
For decades agricultural nonpoint source pollution has been a serious concern for

farmers and regulators. Historically, the focus of this concern has been on economic issues
associated with soil erosion that decreases the yields of crops. More recently, deterioration
of water quality from nonpoint source pollution has received national attention. Nutrients in
agricultural runoff, such as phosphorous and nitrogen species, are highly correlated with
sediment runoff (Barrows and Kilmer, 1963; TetraTech, 1992a, 1992d, 1992e and 1994;
Research Triangle Institute, 1992a, 1992b, 1993 and 1994; Suppnick, 1992), and pesticides
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are shown to be directly proportional to the sediment concentration in agricultural runoff
(Baker and Johnson, 1963; TetraTech, 1992e).
Many research activities have studied runoff and erosion (Andraski, et al., 1985; and
McGregor, el al, 1990), have evaluated nutrient and sediment concentration in runoff from
various rice cropping and best management practices, or BMPs, (Feagley, et al., 1992; 1993
and 1994) and have developed watershed models to predict response to various
climatographic factors (Breve, et al., 1990). However, insufficient data exist to characterize
the water quality of rice discharges with respect to deoxygenating potential. Furthermore,
the importance of defining temporal and spatial changes in receiving stream DO resulting from
implementing rice BMPs has been identified as a necessary step in enhancing the quality of
the environment surrounding ricefields.
2.2.1

Components of Agricultural Runoff
Water quality problems created by nutrients and organic wastes from agricultural

runoff can be devastating to receiving water. The problem is not limited to runoff discharges
containing high concentrations of nutrients and organics. Large volumes of seemingly "clean"
runoff from any sources may effect resuspension of bottom sediments and increase the
relative oxygen demand by several orders of magnitude of the receiving water in spite of the
relatively higher flows that would be expected to increase DO concentrations (Novotny and
Chesters, 1981; and Kreutsberger, et al., 1980).
Nitrogen and phosphorous, the nutrients of concern in aquatic systems, follow
different sorption phenomena. Nitrogen is more soluble and, may thus, be mobilized more
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readily by rainfall or runoff. Phosphorous is usually associated with adsorption processes and
follows the loading behavior o f solids (settleable and colloidal).
As agricultural runoffenters a receiving waterbody, particle settling occurs depending
upon particle characteristics, such as density, size and shape and water characteristics,
including temperature, and mixing intensity. Organic material entering the water column
blankets the benthic layer where it is oxidized in the upper aerobic sediment/water interface
and is reduced in the lower anaerobic layer. Resuspension and upward fluxes of organics and
nitrogenous materials effect oxygen demands, carbonaceous and nitrogenous biochemical
oxygen demands (CBOD and/or NBOD, respectively). High flow at the time of discharge
may cause scouring of previously deposited material. Part of the resuspended or scoured
material is recognized by the water column bacteria as BOD, depleting DO levels in the water
column.
Although a great deal o f runoff characterizations exist in the literature for crop runoff
quality, very little has been collected on rice discharges. The available studies by Southwick,
et a! (1990a), Southwick, et a! (1990b), Bengtson, et a! (1990), McGregor, el al, (1990),
Breve, et al (1990), Feagley, et al (1993), Feagley, et al (1994) and Sigua, et al (1992)
provide root zone nutrient availability data, residual nutrient and sediment concentrations
available for runoff and evapotranspiration data. While unoxidized forms of nitrogen, such
as ammonia or urea commonly used as fertilizers in agriculture, are very important in oxygen
depletion and eutrophication of receiving streams, the carbonaceous organic contributions o f
these rice discharges is also significant and must be quantified in order to simulate stream
response. There is a paucity of datasets containing organic, oxygen-demanding constituents
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in edge-of-field runoff quality and quantity available in the literature. In order to develop
pollutographs, or loading scenarios, necessary for a dynamic simulation of receiving stream
response, characterizations for rice discharge and quality must be developed throughout an
annual cycle.
2.2.2

Rice Planting Practices
The Mermentau River Basin, located in southwestern Louisiana (Figure 2.1), has, over

the past several years, experienced three to five officially recorded fishkills. These events
have been broadly attributed to poor water quality conditions including low dissolved oxygen
concentrations. The river basin has been continuously identified since 1986 in the Louisiana
Department of Environmental Quality, Water Quality Inventory Report as a water body with
threatened use impairment (LDEQ, 1986 and 1996). Smythe and Malone (1990) concluded
that use impairment of streams in the Mermentau Basin may be due to the cumulative
influences of agricultural nonpoint source discharges and channelization.
Rice grown in rotation with soybeans is the main crop in the northern part of the
Mermentau Water Quality Management Basin. Nonpoint discharges from these farming
operations are suspected of having a major impact on the water quality in the basin.
Interestingly, little information on the chemical characteristics of nonpoint source discharges
from ricefields or their impact on receiving water bodies is available. Smythe and Malone
(1990); Feagley, et al. (1991, and 1992); Bollich, et al. (1993); and Smythe and Waldon
distinct discharges from ricefields that had been "mudded-in", the most common method of
culture in southwestern Louisiana.
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Bayou Q u eu e d c !
T o itu c
1

Figure 2.1

Location of BQdeT drainage basin in the Mermentau
River Basin and in the State
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The three discharges were classed as: 1) pre-plant, 2) post-plant, and 3) pre-harvest.
Pre- and post-planting were found to be the most deleterious to water quality in the receiving
stream due to high nutrient concentrations, dissolved and suspended solids, BOD and metals.
The eventual settling of the colloidal and suspended materials was shown to result in (1993)
collected ricefield discharge water quality data. Data from these studies showed three
disastrously high sediment oxygen demand (SOD) with resuspension effecting a critical high
water column BOD (Smythe, 1991; Smythe and Waldon, 1993).
LDEQ has established many ambient water quality monitoring stations (WQM)
throughout the state for various periods of record. The WQM datasets consist of 29
parameters sampled monthly, including nutrients (such as, TKN, N 0 2+N03 and TP- no
ammonia), organics (TOC and COD - no BOD), solids (such as TDS and TSS) and metals.
Special intensive studies are also available in the LDEQ databases in which more detailed
hydrologic (such as time-of-travel and stream geometry), water quality data (such as diurnal
DO, BOD species and ammonia) and kinetic coefficients (such as reaeration, dispersion and
BOD decay rates) are documented for specified reaches. These intensive surveys are usually
conducted for the purpose of specifying NPDES permit limits for a discharger. A historical
database consisting of monthly observations at a site on BQdeT (approximately RM 16
measured from its confluence with the Mermentau River, crossed by Louisiana State Highway
91) for the years 1981-1987, was used to determine downstream of LDEQ-WQM is located
in an unmodified, swamp-influenced segment of the Bayou.
Water quality at the LDEQ WQM Station demonstrated impairment ofBQdeT by low
DO (Figure 2.2). Historical in-situ DO measurements at the one-meter depth for the period
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of record were highest for February, 6.0 mg/L, but rapidly collapsed to approximately 1.0
mg/L by July.
Exceptionally high total dissolved solids (TDS) concentrations were measured at the
LDEQ WQM Station during the months March through May, corresponding with rice
planting. Figure 2.3 illustrates the total suspended solids (TSS) historical data from the same
site and timeframe. An exaggerated peak is shown for the months January through February,
corresponding to both winter precipitation and field preparation (for traditional "muddingin"). As with TDS, an even higher peak is seen for the months March through May,
corresponding to rice planting.
2.2.3 LSUCE Measurements
The results of a water quality sampling study for BQdeT are compared for two sites,
RM 27.9, representing the channelized, agricultural-discharge-receiving segment (LSUCE
site), and RM 16.9, representing the unchannelized, swamp-influenced segment (LDEQ site).
The constituents for the two datasets are compared in Table 2.2. For the listed organics,
nutrients, and sediments, the upstream station exhibited higher concentrations, and generally
poorer water quality. Nutrients for both sites are high, while DO is unacceptably low (the
minimum State DO standard for this body of water is S.O mg/L). In both cases the BODs
concentrations do not appear sufficient to reduce the DO concentrations to such low values,
even considering high water temperatures.

This is a phenomenon of attempting to

characterize the water in a stream receiving ricefield discharges with: 1) a five-day BOD
parameter, which is meaningful for municipal wastewater but is not for agricultural
discharges, and 2) not recognizing the full impact of nitrification. In Chapter 4 the
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Table 2.2

Summary of Various Water Quality Parameters in BQdeT

Parameter

LSUCE,
(Smytbe/MaJoac, 1989d)

LDEQ

£>0(1 m depth), mg/L

3.7

0.7-6.2

2.9

BOD., unfiltered. mg-O^/L

3.1

1.2 - 5.4

N/A

TSS,

mg/L

346

23 - 1218

68

TDS.

mg/L

533

75 - 1739

317

TP.

mg/L

0.55

0.16-1.02

0.42

TKN.

mg/L

2.24

0.62-4.25

1.98

1

inadequacies of using the short-term five-day BOD parameter will be discussed and in
Chapter 5 the rice discharges are characterized using long-term parameters to expose the full
deoxygenation potential of the discharges in terms of both CBOD and NBOD.
The LSUCE sampling segment consisted of five sites located within a 14-mile
distance, in the channelized section of BQdeT. Water quality samples for various parameters
were collected approximately monthly for the time period July, 1988 to June, 1989. Results
substantiated those of the LDEQ-WQM Station; dissolved oxygen trends averaged for the
LSUCE study sites (1.0 meter depth) sampled in 1989, presented in Figure 2.4, appeared to
be acceptable (6.0 mg/L) in March, but fell to 2.0 mg/L by mid April, corresponding to rice
planting. Two incidences of DO increase were observed as a result of heavy rainfall events,
and subsequent increased turbulence (May 1 and June 1, 1989), with rapid decrease to
approximately 1.0 mg/L July (Smythe and Malone, 1989d) and September (Demcheck,
1990) measurements demonstrated the DO concentrations in the study segment at an
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unacceptably low 3.3 mg/L and 1.7 mg/L, comparable to LDEQ’s historical database
averages of 1.2 and 1.5 mg/L (Figure 2.2).
Dissolved oxygen profiles were measured at the LSUCE study segment during the
spring/summer, 1989. As seen in Figure 2.4, in-situ DO measurements were highest at the
surface during the 3/17/89 sampling event due to the high algae content (washed into the
stream, but short-lived due to the instream turbidity), and velocity of the ricefield discharges.
Immediately below the surface, DO dropped precipitously, indicating a high water column
ultimate BOD (which was only surmised, not measured) and bottom SOD (Smythe and
Malone, 1990). DO profiles for April, May and July, 1989 became progressively more
vertical, and DO lower. Part of this lower DO was to be expected due to the lowered DO
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saturation concentration at higher temperatures; however, the increased vertically indicates
an unsatisfied benthal oxygen demand.
In addition, little or no biodegradation o f these materials may occur when water
column DO concentrations are < 2.0 mg/L, which frequently occurs during the summer
(Smythe and Malone, 1989b, and Demcheck, 1990). The low DO concentration during the
warm season decreases the rate of aerobic biodegradation. This has the effect of delaying
much of the biodegradation until the DO concentration increases, which is consistent with
cooler temperatures and higher velocities in the months November through March. At
predictable times during this period of expected high DO concentration, winter erosion and
spring ricefield discharges load nonpoint source pollutants into the stream, reducing the
stream's ability to fully biodegrade the season's loads.
The effects of TSS discharged into a river can be deleterious due to siltation, which
may exert a substantial oxygen demand when the solids contain a high organic content. This
was demonstrated by Suppnick, (1992) where SOD was directly attributed to TSS loads from
bank runoff with high organic content. Research completed by Smythe and Malone (1989a)
contrasts the TSS values measured for the time period March 15 - June 1, 1989. The values
are much greater than those of the LDEQ-WQM Site Database. Instream values for TSS
were found to reach 813 mg/L in April, the peak o f planting season. LSUCE TSS values for
grab samples of agricultural discharges into the study segment reached 4700 mg/L.
The effects of solids that remain in suspension (TDS) are less severe than settleable
solids; however, relatively high concentrations may interfere with photosynthesis or cause
direct damage to fish (James, 1979). The same research report provided similar comparisons
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for TDS and TSS. Interestingly, the pre-plant (field preparation)/winter precipitation TDS
concentrations were three times higher instream than during the post-plant events. TDS
concentrations as high as 1730 mg/L were found in March and follow a first-order decay
pattern to its "background" concentration < 100 mg/L, normally measured under summertime,
no-flow, no-loading conditions (Smythe and Malone, 1989d). Grab samples of ricefield
runoff discharging into the stream study segment were found to be as high as 1570 mg/L,
slightly less than corresponding instream concentrations. This may be attributable to slightly
different colloidal content in adjacent land.
Fertilizer applications during the April planting events resulted in extremely high
instream TKN levels. Instream values reached 3.9 mg/L, while offsite agricultural discharges
measured 4.5 to 14.1 mg/L. For a perspective, a hypereutrophic lake may only exhibit TKN
levels of 4.0 mg/L. Metals were analyzed in the instream samples for: TP", NH3, NO/NO3,
Zn, Pb\ Cd\ Cr, As*, Fe*,Mn, Mo, and Al. The starred parameters exceeded the EPA
Goldbook limits. Failures to meet the EPA criteria are illustrated in Figure 2.5.
Interestingly, the instream TP timetrace for the LSUCE (Smythe and Malone, 1989d)
study followed a first-order decay/disappearance rate similar to TDS. Maximum instream TP
concentrations exceeding 1.23 mg/L were measured during March and April, quickly falling
to the "background" level of 0.4 mg/L throughout June. By July and September this value
traditionally falls to 0.4 and 0.3, respectively. Ricefield runoff samples measured during
March were as high as 2.02 mg/L TP.
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1989 (from Smythe and Malone, 1989d)

Model Selection
The classical approach to modeling is to first chose a reasonable and manageable

number of control volumes. This will depend upon the size, shape and nature of the water
body; the desired modeling result; and the timescale (years vs hours). Timescale influences
the complexity of physical transport as well as chemical and biological transformation
processes to be utilized in the model. In general, a shorter timescale requires more input data
requirements and may thus be very sensitive to changes or variations in this area. Another
important consideration is the number of equations needed to solve the modeling problem.
Since the number of equations and functional relationships may be quite complex, the
objective for efficient programming is to simplify the problem so that the equations are
minimized, yet satisfy the objectives.
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2.3 .1 Water Quality Models for Lakes and Reservoirs
Hydrodynamic differences between lakes/reservoirs and rivers/streams include
residence times and bed interactions. Residence times in lakes/reservoirs are longer allowing
the development of seasonal, successional populations and chemical processes.

The

depositional environment effects re-mineralization of bottom materials due to benthic
interaction. The material released may include reduced forms of nitrogen and BOD (which
are realized in the water column as unsatisfied CBOD and NBOD). Bioturbation by
invertebrates and omnivorous and bottom-feeding fish or wind-driven resuspension may also
degrade water quality. In flowing conditions, the effects of these processes are negligible.
2.3 .2 Water Quality Models for Streams and Rivers
In streams and rivers, the greatest difference in water quality parameters occurs along
the flow axis. For these situations, one-dimensional (longitudinal) models using crosssectional averaging are usually adequate (Stefan, et al., 1988). However, in slow-flowing
conditions characteristic of southern bayous, these models may not be applicable.
2.3.2.1

Steady-State Models

Analytical solutions for steady-state DO and CBOD can be modeled with first-order
decay and sedimentation terms. However, most steady-state models require much stream
geometry simplification and do not model time-varying situations that may have an effect on
the receiving water body. Steady-state models assume that all loadings and background
conditions remain constant, thus, are input/output time independent. Despite their limitations,
and precisely because of their simplicity, steady state models are widely applicable to yield
kinetic and pollutant loading information.
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2.3.2.2

Dynamic Models

Dynamic models are required where transient events are important for a particular
reach. In these models time-varying flows and quality along the reach are considered, thus
they can provide a more complete picture o f receiving stream response. Because o f the
intermittent inputs o f the agricultural discharges, the dynamic model type is the focus o f the
present nonpoint study.
Variations in receiving water response are effected by variations in pollutant loads and
ambient water quality and conditions at the time. Fluctuations in pollutant loads result from:
1)

diurnal, weekly and seasonal fluctuations/cycles o f pollutant activity;

2)

runoff erosion and resuspension due to rainfall events; and

3)

resuspension o f bottom material under various perturbation scenarios.
Additionally, fluctuations in the receiving water conditions, such as flow, temperature,

pH, sediment loads, sunlight intensity, wind and numbers and diversity o f biological species
affect water quality responses (Patry and Chapman, 1989). Subsequently these conditions
influence the fate and effect o f pollutants, including:
1)

hydrodynamics (dilution and rate o f transport),

2)

chemical equilibria,

3)

mass transfer rates,

4)

rates of reactions and transformations, and

5)

pollutant and transformation product toxicities.
Dynamic models are frequently avoided because o f the amount o f data needed to

parameterize the waterbody.

However, using simplifying arguments, such as limiting
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computational elements (to avoid modeling “noise”), utilizing larger timesteps (days instead
of hours or seconds) and using average or median values for water quality constituents,
enables computational time to be minimized and an annual cycle can be simulated with
reasonable confidence.
Thus, while a significant amount of innovation has been presented in water quality
modeling ofDO-deficient streams, there were sufficient shortfalls that needed to be addressed
in order to produce credible simulations and allocations for streams receiving rice discharges
in southwestern Louisiana. These included: 1) measuring the hydrologic and kinetic values,
such as dispersion and reaeration, that have been identified as critical to the deep, sluggish,
channelized streams, yet for which existing empirical equations are inadequate or inapplicable;
2) qualifying and quantifying edge-of-field loads (including rice BMP discharges) and 3)
estimating sediment flux contributions throughout an annual cycle in order to utilize a
dynamic model necessitated by the dystrophic hydrology found in the hydromodified streams
in southwestern Louisiana.
2.3.3 Empirical Models for Estimating Reaeration in Louisiana Streams
Reaeration is a stream’s ability to replenish oxygen throughout the water column. In
streams reaeration is primarily a function of turbulence due to flow and channel morphology.
In streams, DO concentration is a response to various sources and sinks of which numerous
relationships exist, including those listed in Table 2.3. Dissolved oxygen is depleted by
oxidation of organic carbon, benthic oxygen demand, nitrification and respiration, and is
replenished through phytoplankton production and reaeration Streams in Louisiana receiving
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Table 2.3

Summary of DO Sinks and Sources

DO SINKS (CONSUMERS):
1.

Deoxygenation of biodegradable materials by bacteria and fungi;

2.

Benthic oxygen demand, utilizing oxygen in the upper, oxygenated (aerobic) layer of
sediment;

3.

Nitrification of ammonia and organic nitrogen to nitrites and nitrates; and

4.

Respiration by micro algae and macrophytes.

DO SOURCES (PRODUCERS):
1.

Reaeration at the air-water interface, and

2.

Photosynthesis by the algae and macrophytes.

agricultural discharges typically have little micro algae growth due to turbidity, and they are
limited to reaeration for DO regeneration (Smythe and Malone, 1990).
Reaeration coefficients are used in water quality modeling to estimate DO
concentrations and the rate of replacement of oxygen. This allows modelers to estimate the
amounts of oxygen-demanding loads that a stream can receive and still remain above a
minimum DO standard. In other words, state environmental regulatory agencies depend upon
water quality models to predict the DO concentrations in order to allocate organic loadings
that will not exceed the assimilative capacity o f the waterbody.
The form of the reaeration rate equation can be written as a first order process:

■ ir* * * V c . - O
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where: dC/dt
r
K,

=
=
=

Cs
C

=
=

(C,-C) =

or the rate of change of the dissolved oxygen concentration with time
reaeration rate.
reaeration coefficient ofoxygen, orthe coefficient quantifying the process
of reaeration, day1,
saturation concentration of oxygen in the water column when the water
is in equilibrium with the atmosphere20, mg/L.
dissolved oxygen concentration, or the amount of oxygen dissolved in a
volume of water, mg/L,
DO deficit or the difference between the saturation concentration and the
DO concentration. mg/L.

Because of cost considerations, reaeration coefficients are frequently not measured,
forcing modelers to rely upon the numerous empirical equations found in literature to provide
this critical coefficient (K2). Over the past, several researchers have reviewed reaeration
formulas to evaluate their predictive abilities. An early review by Bennet and Rathbun (1972)
is an excellent source of reaeration theory, model reviews and measurement techniques.
Bennet and Rathbun (1972) established that the most useful equations are those applied under
study conditions and, in fact, stream measurement o f reaeration by either radioactive-gas
tracer or hydrocarbon-gas tracer methods is far superior to the use o f empirical equations.
They also concluded that for low-slope or low-velocity streams, turbulence is less pronounced
and reaeration may be controlled by less dynamic processes, such as changes in water quality,
essentially requiring measurement.
Further, relatively few of these studies have been performed in very slow-moving
streams, and most require relatively accurate stream hydraulic characteristics, such as the
mean velocity and mean depth of flow. However, in addition to the difficulties with acquiring
reproducible stream geometry data, empirically derived equations generally give a large range

20

The saturation concentration is a function of water temperature, barometric pressure and salinity.
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of predicted reaeration coefficients for a specific set of hydraulic conditions. Also, of course,
is the cautionary note that an empirical equation should be applied only with extreme caution
outside the range of the measurements that went into its development.
Covar (1976) found that studies by O’Connor-Dobbins (1958), Churchill, et al.
(1962) and Owens, etal (1964) could be used to partition reaeration coefficients into ranges
of applicability for depth versus velocity. His nomograph, available in many hydrology texts,
is vastly informative in illustrating the critical nature of obtaining accurate hydrologic
characteristics of streams so that the appropriate equation may be applied. Interestingly, his
diagram contains no datapoints for two “comers” where 0.25 ft<depth<0.9 ft for
0.1ff/sec<velocity<0.4 ft/sec and 1.5ft<depth<5.0 ft for 0.1<velocity<0.2 ft/sec; in other
words, shallow-slow and deep-slow streams, the prevailing conditions found in Louisiana.
More recently, Melching and Flores (1999) derived a reaeration equation from 493
gas-tracer measured K2values on 166 streams in 23 states measured by the U.S. Geological
Survey, in order to provide a more robust/widely applicable equation, based on a very large,
quality dataset. Incidently, no streams from Louisiana were included in the study or in the
verification dataset. Four separate algorithms were derived from the study based on specific
hydrologic conditions: pool and riffle streams, low-flow (Q<0.556cms) and high-flow
(Q>0.556 cms), and channel-control streams low- and high-flow. All used slope and velocity
in their respective regression equations, low-flow, channel-control also included a depth term,
and high-flow channel-control included depth and width terms.
Parker and DeSimone (1992) also conducted a review of existing reaeration equations
in the literature. A multiple, stepwise-regression technique was used to describe the effects
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of methylene blue active substances (MBAS )21 concentration and mean depth were not
significant in any o f their regressions, and that for streams with low water surface slopes,
turbulence in minimal and gas transport across the air-water interface in controlled by less
dynamic processes.
The two “comers” of the Covar chart for which data are unavailable would include
Melching and Flores’ (1999) pool and riffle, and low-flow (shallow, slow) streams and their
channel-control, low-flow (deep, slow) streams. However, slope is a data term rarely
collected on Louisiana surveys, making the equations inapplicable. Furthermore, depth has
been found to be the single, most critical factor to reaeration in Louisiana streams ( Everett,
et al., 1993; Smythe and Waldon, 1993a). Any equation not including this parameter might
considered inapplicable.
In spite of the lack of research in low-energy streams, typical of south Louisiana,
management agencies in coastal states must, under federal guidelines, develop water quality
management plans for coastal streams. The method of determining reaeration coefficients is
therefore critical to the development of defensible water quality management plans.
2.3.4 Empirical Models for Estimating Dispersion in Louisiana Streams
Dispersion is a term generally neglected in stream modeling where advective velocity
dominates the mixing processes. And in truth, most steady state models are insensitive to
dispersion . However, in a situation in which turbulence is less pronounced as in low-slope

21

MBAS may be used as an indicator of surfactant concentration. This is significant because lower
surface tension is experienced with higher surfactant concentration, leading to higher reaeration.
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or low-velocity streams, mixing may be controlled by less dynamic processes, such as
dispersive changes in water quality (Bennet and Rathbun, 1972).
This is highlighted in TetraTech’s (1994) study in which the application of dynamic
hydrologic and water quality models was necessitated by the channelized, tidally dispersive
conditions found in their studied waterbody. Applying the models to data collected during
a short survey window during critical low-flow conditions, their earlier steady-state model for
the same river resulted in estimated loads for TP, OP and ammonia that were eight times
higher than those estimated using the dynamic model. Obviously, dispersion cannot be
neglected in these sensitive waterbodies. From a regulatory position, the results from this
steady-state simulation might result in unachievably low discharge limits. Thus, the use of
dynamic modeling in waters with complex, or dispersive hydrology could be essential to
obtaining an accurate and fair allocation.
Bowie, et al. (1985a) present many empirical estimates for determining dispersion.
Most of these equations (discussed in detail in Chapter 7) require slope (inherent in the shear
velocity term), which is either inappropriate or unmeasurable on the low-energy streams
typical of those in southwestern Louisiana. Glover (1964) reports that the measured
dispersion coefficients may be 10 to 40 times higher than those obtained empirically due to
the lateral variation in stream velocity (Glover, 1964; Fischer, 1967), i.e. non-uniformity of
channel cross-sectional areas. Thus, while longitudinal dispersion is one of the most
important processes in diluting constituents in waterbodies with low advective velocity, the
use of empirical equations has been found to be insufficient in estimating the dispersion in the
low-energy streams that are characteristic of south Louisiana.
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In summary, the impact of rice discharges coupled with impaired stream hydraulics
resulting from hydromodification greatly affects the receiving stream DO both at the time of
peak loading (early spring-low temperature and high flow) and especially during critical lowflow, high temperature (summer, early fall). The inadequacy of using a steady-state model
for dispersive environments was demonstrated in Sections 2.1.1.1, 2.2.2.4 and 2.3.3.
Furthermore, in order to assess the effectiveness of BMPs, it is not adequate to simply
construct a steady-state model providing a “snapshot” of the DO during critical summer
conditions. Granted, these are the conditions under which DO collapses occur; however, the
loading-response cycle must be simulated throughout an entire year in order to comprehend
the spatial and temporal impacts of the rice discharges on the stream DO in order to provide
defensible allocations.
As a result of shortfalls in the literature, several unique tools must be developed in
order to produce the assessment of rice BMPs in southwestern Louisiana streams receiving
ricefield discharges, fulfilling the objectives of this dissertation (Section 1.1).

1) The

hydrology of the channelized, deep and slow moving receiving streams commonly found in
southwest Louisiana must be adequately simulated. Dispersive terms must not be neglected,
necessitating the use of a dynamic model. 2) Pollutant loadings must be adequately described
throughout an annual cycle. NPS pollutants, the major contributor to bottom SOD, are
loaded during high-flow regimes while the resulting impacts are exerted during low-flow
conditions. Discharges from rice BMPs, especially, must be characterized by quality and
quantity throughout the year. Insufficient data exist to characterize the water quality o f rice
discharges with respect to deoxygenating potential. 3) Sediment fluxes have been shown to
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contribute high levels of ammonia, carbonaceous biochemical oxygen demand (CBOD) and
SOD in rivers receiving NPS runoff from agricultural sources, yet, there are no known
measurements of these constituents. Characterizing the sediment fluxes throughout an annual
cycle will include the use of long-term BOD data or surrogates to describe deoxygenation
potential of pollutants. 4) The decay and reaeration kinetics must be described for the
channelized, deep and slow moving receiving streams. This will include the development of
new techniques to measure reaeration and dispersion, as well as the development of empirical
equations so that reaeration may be tied to depth and velocity.
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CHAPTER 3
METHODOLOGY
Even with the many innovations in stream response modeling resulting from the Clean
Water Act (CWA) of 1972 (and the CWA Amendment of 1987 to address NPS pollutants)
studies in the literature were found to be insufficient to model the complex combinations of
dystrophic hydrology found in southwestern Louisiana streams.
In Chapter 2 the hydrological components of models were researched to determine
whether any might adequately represent those found in southwestern Louisiana. Several of
the researchers in Chapter 2 presented streams that had been hydromodified (dredged) to
facilitate agricultural development, or to facilitate navigation (TetraTech, 1992a , 1993;
Suppnick, 1992). These cited problems with habitat destruction, temperature problems (due
to minimal shading), and stream bank erosion contributing sediments. Channelization left
stream banks exposed with unstable, erodible banks. Dredging, common in Louisiana to
accommodate development, creates these same deep channels with steep sides that can not
be simulated using the algorithms for stream geometry, flow, reaeration or dispersion
presented in the literature for natural streams.
The “stretch lakes” found in southwestern Louisiana were found to be tidally
influenced with little advective flow (the stream “slops” back and forth at low-flows) so that
dispersive mixing during critical low-flow is significant. Dynamic modeling was indisputably
shown by researchers to be necessary to model tidally dispersive conditions (TetraTech,
1994). Additionally, the low-energy, tidally influenced flow in a hydromodified reaches
discussed in Chapter 2 were found to have limited ability to reaerate. Pools and riffles were
55
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eliminated and channels were deepened, effectively reducing reaeration. In Louisiana the
stream hydrology, alone, disqualifies the existing empirical equations for reaeration (Chapter
6). So, while channelization may provide the drainage and reserve necessary for development
or agriculture, it provokes a wide assortment of devastating environmental problems that are
very difficult to simulate.
Because agriculture dominated the land-use of the streams which exhibited DO
deficits, the bottom anoxia was suspected to be from agricultural nutrients, sediments and
organic materials. In Section 2.2 research activities were cited that found nutrients in
agricultural runoff, such as phosphorous and nitrogen species, to be highly correlated with
sediment runoff (Barrows and Kilmer, 1963; TetraTech, 1992a, 1992d, 1992e and 1994;
Research Triangle Institute, 1992a, 1992b, 1993 and 1994; Suppnick, 1992). Although a
great deal of runoff characterizations exist in the literature for crop runoff quality, very little
has been collected on rice discharges. The available studies by Southwick, et al (1990a and
1990b), Bengtson, et al (1990), McGregor, etal, (1990), Breve, etal (1990), Feagley, etal
(1993 and 1994), and Sigua, eta l (1992) provide root zone nutrient availability data, residual
nutrient and sediment concentrations available for runoff and evapotranspiration data.
While unoxidized forms o f nitrogen, such as ammonia or urea commonly used as
fertilizers in agriculture, are very important in oxygen depletion and eutrophication of
receiving streams, the carbonaceous organic contributions of these rice discharges is also
significant and must be quantified in order to simulate stream response. There is a paucity of
datasets containing organic, oxygen-demanding constituents in edge-of-field runoff quality
and quantity available in the literature. In order to develop pollutographs, or loading
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scenarios, necessary for a dynamic simulation of receiving stream response, characterizations
for rice discharge and quality must be developed throughout an annual cycle.
TetraTech (1994) simulated a stream that had a dissolved oxygen (DO) deficit that
was SOD-driven, something that is seen frequently in the streams and bayous of Louisiana.
SOD data were not available, thus, values found in literature were used in their calibration
(EPA, 198S). Additionally, they had no benthal flux data for ammonia nitrogen and
phosphorous (areal nonpoint source resuspension, or sediment flux as it will be referred to
in Chapter 4), so the fluxes were set based upon stoichiometry and the classical ratios for
0:C:N:P (109:41:7:2:1) developed by A.C. Redfield (Stumm & Morgan, 1981).
Evidence of use-impairment due to low DO was presented for BQdeT, a typical
stream in southwestern Louisiana channelized to receive rice discharges. For the warm
months DO was found to be below the state's minimum of 5.0 mg/L (Figure 2.2) and a
significant unsatisfied benthal demand was suspected from the vertical/homogeneous DO
concentrations with depth (Figure 2.4). The SOD in Louisiana streams far exceeds those
found in the literature (EPA, 1985); although SOD was not measured in the BQdeT studies,
calibrations of similar streams in the state revealed much higher SODs than other studies
cited.
Finally, the benthal flux was suspected of contributing significant amounts of CBOD
and nitrogen back into the water column. These values needed to be ascertained for the
critical periods of low-flow and high-flow in BQdeT. Suppnick (1992) described DO
collapse from algal blooms and high SOD due to high phosphorous sorbed onto sediments
in the NPS runoff from agricultural fields. He related chemical oxygen demand (COD) to
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total suspended solids (TSS) with a turbidity filter, as a surrogate for estimating pollutant
deoxygenation potential and he utilized the principal of a proportional response in SOD rates
to reductions in TSS (therefore the sorbed phosphorous) to allocate the TSS constituent.
Thus, while a significant amount of innovation has been presented in water quality
modeling of DO deficit streams, there were sufficient shortfalls that needed to be addressed
in order to produce credible simulations and allocations for rice discharges into receiving
streams in southwestern Louisiana. These included, measuring the reaeration and dispersion
in the deep, sluggish, channelized streams; quantifying and quantifying edge-of-field loads
(including rice BMP discharges) and sediment flux contributions throughout an annual cycle.
The plan for achieving the objectives cited in Chapter 1, with emphasis on the issues
discussed in Chapter 2 and summarized above is presented for succinctness and manageability
as:
1)

stream site selection and description,

2)

data collection and collation, and

3)

model selection and description.

3.1

Stream Site Selection and Description
Bayou Queue de Tortue (BQdeT) near Crowley, Louisiana, was identified by the

State's 1990 Water Quality Inventory Report as not meeting its designated uses. Water
quality in this Bayou is severely impaired with respect to low DO, sediments, nutrients and
metals (Smythe and Malone, 1990). Preliminary research has indicated that the water quality
degradation documented during the past decade may be due to the combined effects o f

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

59

agricultural nonpoint source discharges and streambed modification (Smythe and Malone,
1990).
3.1.1

Description of the Study Area
Bayou Queue de Tortue is a tributary of the Mermentau River, flowing west-

northwest about 55 miles to its confluence with the Mermentau River (Figures 3.1 and 3.2).
Longitudinal location on the Bayou is measured upstream of the Mermentau River confluence
and is specified as river miles (RM). The watershed drains about 267 mi2of agricultural land,
162 mi2 of which is subject to flooding (USDA, 1974); elevations range from 0 to 20 feet
(MSL). The land-use within the watershed has been characterized by LDEQ as 92.4%
agricultural, dominated by rice and soybean farming (LDEQ, 1990).
The segment o f the Bayou under discussion is located between RMs 31.0 and 20.9
(Smythe, 1992). Figures 3.1 and 3.2 present the entire reach of BQdeT from its headwaters
near Duson (RM56.0) to its confluence with the Mermentau River (RM 0.0).
3 .1.2 Discharger Description and Inventory
3.1.2.1

Point Sources

The City of Duson Sewage Treatment Plant (STP) is the only point source permit
holder discharging into Bayou Queue de Tortue. Duson STP discharges into the Bayou at
RM 48.4, near its headwaters and is permitted at a design rate of 0.215 million gallons per
day (MGD), or 0.33 cubic feet per second (cfs), dominating the flow in the bayou at this
point. However, Duson STP is sufficiently removed and limited in discharge volume and it
was not considered a loading problem in this study. Additional information on this discharger
is documented elsewhere (Smythe, 1991a).
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3.1.2.2

Non point Sources

Runoff from stormwater and agricultural sources into the stream comprises the
majority of nonpoint sources. These are major contributors of sediment, nutrients, and
pesticides, especially during periods of intensive ricefield preparation, planting and
harvesting. The critical discharge periods for rice culture are: 1) water leveling (field
preparation), 2) planting, and 3) pre-harvest drains/discharges. These generally occur during
the months of February-March, April-May and August-September, respectively.
Additionally, resuspended sediment has been identified as a significant contributor to water
quality degradation in the streams and bayous in Louisiana (Smythe, 1991; Smythe 1991a;
Smythe 1992; Smythe and Waldon, 1993c; Smythe and Waldon, 1993d; Waldon, 1990).
3.2

Data Collection and Collation
In order to calibrate the stream model of BQdeT, existing data were used whenever

possible. The databases utilized primarily are listed in Table 3.1 and contain data collection
under the hydraulic flow, temperature, and loading regimes that reflect the periods of
interest: critical low-flow and high temperature, usually representing the “worst-case”
situation for oxygen depletion (August - October) and critical high-flow (March - May),
which usually represents the “worst-case” scenario for nonpoint loading.
3.2.1

Field Methods and Measurements
A review of the available stream water quality data for Bayou Queue de Tortue was

conducted. The most appropriate and complete dataset consists of intensive survey data that
the Louisiana Department of Environmental Quality (LDEQ) has collected during various
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Table 3.1

1
2
3
4

Summary of Databases Used to Characterize Stream and Rice Water
Quality

Location

Study Date

StadyType

LA Hwy 13

3/30 - 4/3/92

LDEQ1 Intensive Survey

LA Hwy 13

7/88 - 6/89 (water quality)
1968 - 1993 (discharge)

LSUCE2/ USGS3
USGS

LA Hwv 91

5/22/86 - 5/28/87

LDEQ Intensive Survey

LA Hwy 91

1/78 - 6/92

LDEQ WQM4 Database

Rice Discharges

7/88 - 5/93

LDEQ/ Feaglev/ BoUick/ LSUCE

LDEQ is Louisiana Department of Environmental Quality
LSUCE is Louisiana State University Civil Engineering
USGS is United States Geological Survey
LDEQ WQM is the LDEQ (Ambient) Water Quality Monitoring database

studies over the past decade. The intensive data consists mainly of diurnalstudies in
response to suspected pollution sources. The records are unique in thattheyreflect
repetitive sampling at short intervals, and include all of the parameters of interest to this
project: long-term BOD (including 60-day unfiltered, unsuppressed BOD analyses; 20-day
unfiltered, suppressed BOD and filtered, suppressed BOD), TKN, ammonia, nitrite/nitrate,
TOC and time-of-travel hydraulic behavior of specific stream segments of known stream
geometry.
During intensive surveys conducted by LDEQ, a Lagrangian Transport Method
(LTM) of sampling, developed by Waldon, el al. (1993) was used to quantify the various
aspects of hydrology and water quality constituents in the sluggish, tidally influenced Bayou.
Dye injections were utilized in the LTM to study time-of-travel, and to track fate-andtransport and determine kinetic coefficients in the tagged parcels of water. Various field
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parameters were required for water quality simulation at one meter depth, including
temperature, and DO.
3.2.2 Laboratory Methods and Measurements
The laboratory collection, transport, preservation, and analytical procedures were
documented in the survey and or study reports used for data (Smythe and Malone, 1990;
Smythe, 1991; Smythe and Waldon, 1992, 1993, and 1994; Feagley, etal., 1991 and 1992;
and Bollick, et al., 1993). Water quality parameters needed for a full (spatiallly and
temporally varying) dynamic simulation included: BOD 2 0 (utilizing suppressed, unfiltered
analysis) and BOD «, (utilizing unsuppressed, unfiltered analysis); total organic carbon
(TOC); nitrite + nitrate nitrogen (NOz- + N 03-N); ammonia nitrogen (NH3-N); and total
Kjeldahl nitrogen (TKN).
Because all studies do not collect the same types of water quality data, surrogates
and correlations must frequently be used. Table 3.2 lists the components that are critical
to a water quality model and briefly describes the uses of the respective variables.
3.2.3

Determination of the Watershed Runoff Areas
Determination of the watershed area was accomplished using geographic information

system (GIS) maps that were numerically integrated.

The maps were generated by

University of Southwestern Louisiana, Center for Louisiana Inland Water Studies (USLCLIWS) personnel, and calculations performed by the LDEQ Planning and Assessment
group.
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Table 3.2

Components and Their Respective Uses in EutroWasp

Component

Component Description

Use in Modeling Effort

nh3

Ammonia nitrogen

1)
2)

TKN

Total Kjeldahl nitrogen

May be used to estimate NBOD„

NOj+NOj

Nitrite+Nitrate nitrogen

1)
2)
3)

Qualitative measure of toxicity.
Organic nitrogen (ON) is a
component in EUTRO WASP:
ON=TKN-NH 3

Plant nutrient,
Assessment of recent pollution
(result of nitrification),
NOj+NO, is a component in
EUTROWASP

BOD}

Suppressed, 5-day BOD

Almost useless: can be used as a gross
indicator of CBODu

BOD jo

Suppressed, 20-day BOD

Used to estimate ultimate carbonaceous BOD
(CBOD J

BOD oo

Nonsuppressed. 60-day BOD

Used to estimate ultimate nitrogenous BOD
(NBODJ

TOC

Total organic carbon

Used as a surrogate for CBOD„. with a sitespecific proportionality factor (a).

3.3

Instream Model Selection and Description
The simulation was conducted using the eutrophication submodel, EUTR05, of

EPA's WASP version 5.0 (WASP5), a fully dynamic model. EUTR05 simulates the
transport and transformation reactions of up to eight state variables, ammonia nitrogen
(NH3), nitrate nitrogen (N03), chlorophyl a(CHLA), phytoplankton (PHYT), carbonaceous
biochemical oxygen demand (CBOD), dissolved oxygen (DO), organic nitrogen (ON), and
organic phosphorous (OP). They can be considered as four interacting systems:
1) phytoplankton kinetics, 2) the phosphorous cycle, 3) the nitrogen cycle, and 4) the
dissolved oxygen balance.
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Unfortunately, this powerful model frequently is not utilized due to the complexity
of its data requirements (see section 3.3.1), and requisite knowledge of computer science and
water quality. This program is written in Fortran 77, and uses a finite-difference solution
technique, which is a recognized method for water quality simulations under flowing
conditions. A detailed description is available elsewhere (EPA, 1988).
3 .3 .1

WASP5-EUTRQ5 Data Group Descriptions
The input dataset is arranged into eight groups. A brief discussion of each follows:
3.3.1.1

DATA GROUP A: Model Identification and Simulation Control

In this data group, the simulation type is specified; along with number of segments
in the model network, number of state variables, number and timing of different model
timesteps and print intervals.
3.3.1.1.1

Integration timestep. dt. For a specific set of hydraulic constraints,

timesteps must be optimized to maintain stability while minimizing numerical dispersion. For
a particular velocity numerical dispersion can be reduced by increasing the timestep. In fact,
increasing the timestep to dx/U or V/Q decreases numerical dispersion to 0.
3.3.1.1.2

Numerical dispersion P

-... Numerical dispersion appears as

artificially induced mixing caused by the finite difference solution technique. Assuming a
forward-difference approximation for the Euler approach, the total numerical dispersion is
described by a second order estimate of the error terms that propagate in the simulation.
Thus, the cumulative errors should not be expected to exactly simulate the dispersion.
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3.3.1.2

DATA GROUP B: Exchange Coefficients

WASP computes exchange coefficients from dispersion coefficients, cross-sectional
areas, and characteristic lengths.
3.3.1.3

DATA GROUP C: Volumes

This data group allows for water column or sediment bed volumes to remain
constant or vary according to user. Sediment transport, bed compaction, resuspension, and
scour are computed from data specified in this card group.
3.3.1.4

DATA GROUP D: Flows

Flow fields in WASP may be of six types: 1) advective flows in the water column;
2) pore water flows; 3,4, and 5) sediment transport velocities and cross-sectional areas; and
6) evaporation and precipitation velocities and cross-sectional areas.

Flows require

piecewise linear time functions, in m 3/s
3.3.1.5

DATA GROUP E: Boundary Conditions

The boundary conditions for the reach are input in piecewise linear form for all
modeled systems (water quality parameters). Loads are input as kg/day.
3.3.1.6

DATA GROUP F: Waste Loads

Point and nonpoint source loads are input into this section in piecewise linear form,
by state variable. Loads are input as kg/day.
3.3.1.7

DATA GROUP G: Parameters

The data requirements for this group vary according to the level of complexity
specified by the user. Table 3.4 details the systems for which information is required in each
of the complexity levels in EutroWasp, while Table 3.5 describes these levels.
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Table 3.3

Systems and Complexity Levels for Use in EutroWasp

System
Number

Symbol

Naam

i

NH,

Ammonia nitrogen

2

NO,

Nitrate nitrogen

3

po 4

Inorganic phosphorous

X X X

4

CHLa

Phytoplankton carbon

X X X

5

CBOD

Carbonaceous CBOD

X X X X X X

DO

Dissolved oxygen

X X X X X X

1

7

ON

Organic nitrogen

X X X X

1

8

OP

Organic phosphorous

6

Use ia Complexity Level
1 2 3 4 5 6

1
1

X X X X X

I

X X X X

1

X X X

I
1

Table 3.4

Complexity Level Description for EutroWasp

Complexity L oci

Explanation

1

"Streeter-Phelps" BOD-DO with SOD

2

"Modified Streeter-Phelps” with NBOD

I

3

Linear DO balance with nitrification

1

4

Simple eutrophication

1

5

Intermediate eutrophication

1

6

Intermediate eutrophication with benthos

1
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3.3.1.8

DATA GROUP H: Constants

There are 42 constants available in WASP for full eutrophication simulation.
These are listed and described in the user’s manual (EPA, 1988).
3.3.1.9

DATA GROUP 1: Kinetic Time Functions

There are 18 time functions available for eutrophication. For levels of complexity
1 and 2, only one is required. Increasing complexity requires increasingly greater numbers
of these kinetic functions.
3.3.1.10

DATA GROUP J: Initial Concentrations

The initial concentrations are the segment concentrations and densities for the state
variables at time zero (or simulation start).
3.4

Additional Support Models
Three additional models were employed to attain necessary results for the dynamic

instream model: 1) GSBOD and GSNBOD to calculate the decay characteristics in the
discharges from the four BMPs, and to calculate the ultimate CBOD and NBOD
components of the discharges so that loading scenarios and subsequent receiving stream
impacts might be quantified for calculation of BODu concentrations from laboratory data,
2) the Thomthwaite-Mather Water Budget (1987) to calculate runoff from the BQdeT
drainage basin, and 3) LIMNOSS to determine/quantify resuspended loads and kinetic
constants at critical flows.
341

GSBOD
The models, entitled "GSBOD" and "GSNBOD" utilized for the study were written

by Waldon (1989).

The models calculate first-order decay constants, lag times, and
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ultimate values for CBOD, NBOD, and total BOD. The results were automated in a SAS
model that provides graphical support (Smythe and Waldon, 1991).
3.4.2

Thomthwaite-Mather Water Budget
The climatic water budget was developed by Thomthwaite in the 1940's and 1950's

and was subsequently applied and refined in a variety of ways by Mather and Muller
(Mather, 1969,1974,1979; Mather and Ambroziak, 1986; Muller, 1972, 1982 and Muller
and Thompson, 1986). The water budget model provides a simple algorithm for evaluating
several aspects of moisture variability. By using either daily or monthly precipitation and
air temperature data, the model accounts for additions and withdrawals of water from soil
moisture storage by taking potential and “actual” evapotranspiration into account.
3.4.3

L1MNOSS
LIMNOSS, a version of the EPA AutoQual model, is a one-dimensional, steady-

state water quality model developed by LimnoTech, Inc. It simulates the transport and
transformation reactions of several state variables including: CBOD, NBOD, and DO.
LIMNOSS is frequently used due to the simplicity of its data requirements. LIMNOSS is
written in Fortran IV and uses a finite-diflference solution technique which is a recognized
method for water quality simulations under flowing conditions. A detailed description is
available elsewhere (LimnoTech, Inc., 1984).
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CHAPTER 4

CHARACTERIZATION OF ORGANIC LOADS
The eutrophication module of the WASP water quality model (EutroWASP) requires
ultimate carbonaceous biochemical oxygen demand (CBODJ as a state variable. This
quantity is rarely available and must be approximated through estimates or empirical
relationships. The purpose of this chapter is to: 1) describe various oxygen-demanding
constituents as they relate to CBOD„ and 2) present ways to quantify loads of these materials.
Revisiting the governing equations for dissolved oxygen, DO (equations 1.1 through
1.3), it can be seen that ultimate BOD (BODJ is a component in both DO demand from BOD
in the water column (K^L) and DO demand from the settled constituents (K,L) of the
equation:

V

=

inputs - outputs —transformations

( 1. 1)

The equation for BOD is :
dL
= - K adL - K sL + L a
dt

( 1.2 )

And the equation for dissolved oxygen is:

—

dt

=

K£Ct - C ) - K J. -(J? * B * R - P\A.IV

71
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where: dC/dt
dL/dt
L

=

*4
K,
K:
(Cs-Ct) =
F
B
R
P
A/V

change in DO concentration over time. g/m3/day.
change in BOD concentration over time, g/m3/day.
BOD concentration, g/m3,
BOD loading from nonpoint sources, g/m3/day.
BOD decay rate coefficient, day'1,
BOD settling rate coefficient, day'1,
reaeration rate coefficient, day1.
DO deficit, g/m3,
sediment flux/resuspended organic materials, g-O^mVday.
benthic demand, g<(Vm3/day,
algal respiration, g-Oj/nr/day.
algal production, g-Oj/mVday,
bottom area, m2, divided by volume, m \ or 1/depth, m'1

Apropos to this chapter, rates of BOD decay and settling, K,, and K, , as well as
resuspended and benthic loads/demands, F and B, will be discussed. Again, the sediment flux
(F) is described as resuspended dissolved organic carbon (DOC), or as an areally distributed
nonpoint source while benthic demand is generally referred to as sediment oxygen demand
(SOD).
Carbon-containing, oxygen-demanding constituents are frequently discharged into a
waterbody.

Carbon is contained in all organic materials (describing TOC

strength/concentration), while oxygen is required by the indigenous water column bacteria
in the degradation process (describing BOD strength/concentration). The temporal and
spatial effects of these materials depend upon the settleability, degradability and dissolution
properties of the TOC and BOD.
As the pollutant enters the water body, constituents either dissolve, settle, or are
suspended in the water column for later dissolution, degradation or settling.

Soluble

constituents may create the familiar "hot spots" of DO depletion, in which water column
bacteria immediately seize the constituents as a food source, requiring large amounts of
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oxygen to degrade the materials. The strength of these materials is usually measured as
biochemical oxygen demand (BOD).

The BOD effect may be further qualified as

carbonaceous or nitrogenous oxygen demands (CBOD and NBOD, respectively), depending
upon the energy source in the waste (carbon or nitrogen) utilized by the consuming bacteria.
Materials that are not readily soluble may settle out, blanketing the stream bottom for
some distance. Bacteria present in the sediment degrade these materials in what is termed
sediment oxvycn demand (SOD), because some oxygen may be required in the degradation
process. The degradation process may occur at different rates depending upon environmental
constraints, bacterial populations and response of the bacteria to the constituents.
Constituents that are degraded are then available for resuspension back into the water column
(as carbon or nitrogen) in the process termed sediment flux (F).
Water quality data for deoxygenating constituents may vary considerably.
Researchers elect to analyze constituents based upon laboratory facilities, expertise, costs or
study objectives. For example, BOD may be presented as BODs, CBOD^ or BODu, in which
the subscripts 5, 20, and u mean, respectively, five days, twenty days and ultimate. In some
instances, in which a large body ofliterature exists to substantiate scale-up algorithms (as with
sanitary wastewater), this may not be a problem. However, application of the incorrect scaleup algorithms can result in a significant error in predicting receiving stream impacts if the
discharge contains more recalcitrant degradable components. In cases such as these, chemical
oxygen demand (COD) or total organic carbon (TOC) analyses may be required.
Biochemical oxygen demand (BOD) is commonly divided into two fractions, that are
exerted by: carbonaceous (CBOD) and nitrogenous (NBOD) matter
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wastewaters, CBOD is usually exerted before NBOD, giving rise to the traditional two-stage
BOD curve. One usually observes a large CBOD contribution, with a minimal time lag, and
a smaller NBOD component exhibiting a time lag of 7 - 14 days. This is the amount of time
estimated for the fragile, nitrifying bacteria to establish enough biomass to be competitive
with the heterogeneous bacteria of the CBOD decay process. Observed decay rates are
traditionally faster for the CBOD and much slower for NBOD components. However, the
processes may occur simultaneously in aquatic and industrial systems (EPA, 1985).
4.1

Utilizing Nonparallel BOD Data
It is important to quality control datasets in order to obtain the maximum number of

comparable observations from the various studies. In order to compare datasets among
studies by various researchers it was necessary to compare like constituents. For instance,
the LDEQ datasets from the intensive surveys consist of 20- and 60-day suppressed and
nonsuppressed BODs, TOC and COD. The LDEQ datasets from the ambient network water
quality monitoring stations (monitored monthly at each site) contain no BOD analyses, but
do analyze for TOC and COD. The Smythe and Malone (1990); Feagley, et al. (1991 and
1992); and Bollich, et al. (1993) datasets contain BODs and some TOC data.
Because all studies do not collect the same types of water quality data, surrogates and
correlations must be used. The common ground for comparing these datasets appeared to
be through conversion to ultimate CBOD (CBODJ. The uniformly comparable databases
were then used to determine potential impact on a receiving stream.. Table 3.2 lists the
components that are critical to a water quality model and briefly describes the uses of the
respective variables.
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4.2

Calculating CBOD„
The major sources of CBOD include anthropogenic/allochthonous sources (point

source: wastewater, and nonpoint source: agricultural and stormwater runoff), and
autochthonous sources (algae or resuspended materials). Sinks include settling (becoming
sediment oxygen demand, SOD); microbial degradation; volatilization; photo-oxidation;
absorption by aquatic flora, fauna, or benthos (also incurring SOD); and adsorption onto
water column solids.
The decay rates calculated from laboratory studies were compared with rules-ofthumb values to estimate the level of deoxygenating potential. This estimate is generally
applied to sewage BOD, multiplying 2.3 * BOD s and is considered too conservative for
application to agricultural discharges for the following reasons: 1) The rate measured in
laboratory studies is seldom greater than the rate found/estimated in a field situation, 2)
agricultural inputs may be more easily utilized by acclimated, indigenous bacteria and benthos
than wastewater, which may vary in concentration, 3) varying warmer temperatures may
effectuate better CBOD removal in actual systems (laboratory values are corrected back to
the time/temperature "snapshot" at which the sample was collected), and 4) the quality of
oxygen-demanding substrate.

CBODu = 2.3 * BODs,

1

mg/L

(4

i)

C B O D , b com m only estim ated to b e i l x s l 6 5 to 7 0 S o f th e C B O D , fo r raw o r p rim a ry treated sew age, m a k a ig th e
m ultiplicative factor 1/0.7 o r 1.43. T h e m u k ip licaliv e facto r 2.3 b frequently utilized fo r w ell-treated sew ag e, ap p rox im ating
secondary treatm ent
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The 2.3 * BOD, scale-up factor assumes secondary treatment; in general, the more
recalcitrant the material, the lower the ratio of BODs / BODu. This may result in substantially
underestimating the ultimate deoxygenating potential of the material. Thus, while equation
4.1, no doubt, is useful for readily degradable materials, it is unacceptable for agricultural
discharges that tend to have long decay times. It should be used only as a gross estimate in
these samples.
In addition to the substrate-specific characteristics that affect deoxygenating dynamics,
water column DO concentration is an important factor in driving the system. At DO levels
lower than 2.0 mg/L, the deoxygenation reaction is limited.
4.3

Calculating NBOD„
The oxygenation o f nitrogenous materials consumes oxygen in a two-stage process:

1) oxidation of ammonia to nitrite by Nitrosomonas bacteria, and 2) oxidation of nitrite to
nitrate by Nitrobacter bacteria (usually the rate-limiting step). Domestic wastewaters typically
contain 15 to SOmg/L total nitrogen, which corresponds to a potential oxygen demand of 69
to 230 mg/L (Tchobanoglous and Schroeder, 1987).
The same inhibitions apply to nitrification as to CBOD deoxygenation processes.
Nitrification is inhibited by:
1)

pH outside the range of 7.0 to 8.5,

2)

temperature outside 30 °C (optimum )

3)

inadequate substrate and

4)

DO < 2.0 mg/L.
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Stimulating NBOD deoxygenation (nitrification) influences are:
1)

Increased temperature and

2)

increased TSS (due to additional physicalsupport onwhich the Nitrobacter bacteria
may colonize).
Stoichiometric consumption of oxygen resulting from these two processes in the

oxidation of ammonia to the more stabilized nitrate requires a scale-up of4.572 shown in the
equation:
NH; ♦ l p ^trosomonasNO- + H Q + ^

^
Nitrobacter
N°2 * ~O z
NO,

N H ; * 20 2 ~ n o ; * 2H* * H P

^

(4.3)

(4.4)

Relatively few nitrification rates were found for lakes (ricefields and BQdeT are
considered "stretch" lakes); the few data found for more temperate, deeper (> 3.0 meters)
lakes range from 0.1 to 0.5/day. Although the estimated decay rate for BQdeT falls within
this range, it may be considered conservative for southern conditions, where lakes (or bayous)
are shallower and the temperature is higher for a longer duration.
2

Overall, 2 moles ofO; arc required for each mole of ammonia oxidized:
2 moles * 32 g-OVmole = 64 g
1 mole * 14 g-N/mole = 14 g
or 64/14 = 4.57 g-OV g-NH3
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Total Kjeldahl nitrogen (TKN) may also be used with a scale-up factor of 4.3 to
estimate (EPA-LDEQ MOU, 1999) the NBODu:

NBODm = 4.3

* TKN,

mg/L

(4.5)

This estimate o f NBODuis fairly acceptable when unfiltered, unsuppressed 60-day BOD (or
longer) analytical data are not available.
4.4

Oxygen Demand - Organic Carbon Relationships
Another approach to estimating oxygen degradation potential in the absence of long

term, unfiltered, unsuppressed analytical BOD data is through the use of BOD surrogates,
which would estimate BOD from another component. Carbon-containing constituents may
be measured as CBOD or TOC. TOC fractions may be dissolved (termed dissolved organic
carbon, DOC) or recalcitrant (whether slow to degrade or nondegradable/mineral). TOC is
easier, more reproducible and accurate to measure than BOD and requires significantly
smaller volumes, and is more frequently available and creditable in datasets.
The ratio of theoretical oxygen demand to theoretical organic carbon (ThOD:ThOC)
is equal to the stoichiometric ratio of oxygen:carbon for total oxidation of a specific organic
compound. This ratio is frequently referred to as alpha (a), the respiratory quotient o f the
material being degraded. Literature values range from nearly zero for recalcitrant materials
to 6.33 for methane (Ramalho, 1983).
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TOC tests are based on oxidizing the organic constituents in a wastewater to C 02,
which is analyzed.

Since ThOD measures 0 2, and ThOC measures carbon, the ratio

ofThOD:ThOC is readily calculated from the stoichiometry o f the oxidation equation. For
sucrose this equation will be:

C .^ 0 1 , ♦ 120 2 - U C 0 2 ♦ 11HzO

(4.6)

Although the ratio of molecular weights of oxygenrcarbon for sucrose is 2.673, actual
measured values vary considerably from this.
4.5

TOC as a CBOD Surrogate
Correlation of BOD with TOC for industrial wastewaters is difficult because of the

variation in wastewater composition. For domestic wastewaters, a relatively good correlation
has been derived as a linear equation (Ramalho, 1983):
BODs = 1.87 (TOC) - 17

(4 7)

Once again, this equation applies to a material that decays predictably within a short period
of sample incubation time (usually measured as BODs). We are still left with a parameter
(BODs) that may not be a good estimate for materials that have long decay times.
An example of the use of this kinetic value (a) is in its application to sugar
degradation. The value for sugar is 2.7, which is very low for the agricultural source

3

oxygen required = 12 moles * 32 g/mole
carbon in sucrose= 12 moles * 12 g/mole
ThOD/ThOC
= (12*32)/(12*12)
= 2.67

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

80

currently being considered, because of the slow degradability of the cellulose material being
discharged. HydroQual (1993) determined an alpha value of 4 (4 mg_02 required during
respiration: 1 mg Carbon produced) for Georgia Pacific paper mill wastewater. This is,
undoubtedly, a large number, but it was necessary to characterize a highly colored and
recalcitrant paper mill “black” water.
4.6

Empirical Development of a Site Specific TOC:CBOD « Relationship
No correlations ofBOD with TOC were found in the literature for agricultural waters;

thus, an empirical relationship was developed in this study utilizing TOC and BOD samples
analyzed during an intensive surveys conducted on Bayou Queue de Tortue (our study
stream) and Bayou Blanc (a Louisiana stream in the Mermentau Basin, which also receives
ricefield discharges) by the LDEQ. The TOC samples had been included in the study to
provide additional documentation for the organic/deoxygenation potential of the nonpoint
source wastewaters (Smythe and Waldon, 1993).
4.6.1

Data Collection: LA Intensive Stream Survey Data
The database utilized consisted of intensive survey data that the LDEQ collected from

various sites, at varying flow conditions on Bayou Queue de Tortue and similar
hydromodified streams in the Mermentau basin. These records are unique in that they reflect
repetitive sampling at short intervals, and include parameters of particular interest in this study
sampled through dye peaks (utilizing a Lagrangian4 sampling technique); BOD series
(suppressed BOD incubated and analyzed every two days through day 20 and unsuppressed

4

Lagrangian sampling methodologies employ collection of samples at a dye, or other tracer, peak:
thus, a specific parcel of water is followed. This tagged parcel o f water yields fate and transport
information about the hydraulics and water quality of the stream.
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BOD through day 60), TOC and color (infrequently). Intensive survey datasets existed for
only four surveys in the Mermentau Basin. These locations and survey dates are listed in
Table 4.1.
Table 4.1

Summary of the Sites and Locations of Intensive Survey Datasets
Utilized in TOC-CBOD Relationship

Waterbody

Location

Date

Comments

Bayou Que de
Tortue*

LA Highway 13
bridge

3/30-4/3/92

missing TOC and color
(high-flow, low temp)

Bayou Que de
Tortue*

LA Highway 13
bridge

10/91

missing TOC and color
(low-flow. high temp)

Bayou Que de
Tortue

LA Highway 91
bridge

1955present

missing BOD series
(LDEQ water quality' monitoring
station)

Bayou Blanc*

near Rayne. LA

9/93

contains all information
(low-flow. high temp)

Calibrated steady-state water quality and hydrologic models were developed for these reaches in
order to quantify loading and stream hydraulics.

Tables 4.2 and 4.3 summarize specific water quality constituents in these datasets, and
correlation coefficients are calculated on specific parameter pairs for BQdeT and Bayou
Blanc, respectively. As indicated in Table 4.1, and detailed in Table 4.2, the dataset for
BQdeT was incomplete (observations were missing for time series analyses of TOC- TOC0
and TOC20 in particular - and color). However, on this dataset, TOC0 on CBODu was
statistically significant (p>F=0.0435) and highly correlated (r2 =0.589, n=12).
s

The notation, given for a particular r2value for a combination o f parameters, “p>F=, n=" is read
as "the probability of observing a larger numerical r2value under the null hypothesis of no
correlation, and the number of observations”. It should be noted that parameters may be highly
correlated (large r2), but not statistically signigficant (p>F wiil be greater than the a value usually 5%, or 0.05 - at which the analysis was conducted). In the analysis of Table 4.3, the
parameters are fairly loosely correlated (r2 = 0.589). but the relationship is statistically significant
(p>F=0.043) for the 12 observations (n=12).
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Table 4.2

Correlation Coefficients and Selected Statistics for Water Quality
Constituents in Bayou Queue de Tortue, Hwy 13 Bridge, 3/30-4/3/92
TOC_0, mg-C/L

UCBOD, mg-0,/L

r= 0.589
p= 0.043
n= 12

The dataset for Bayou Blanc (Table 4.4) was complete, and showed that TOC0 on
CBOD20 was neither correlated (r2 =0.222) nor significant (p>F=0.316, n=19). Since TOC0
with color is highly correlated (r2 =0.856) and highly significant (p>F=0.000002, n=19), it
follows that filtering the datasets for color will improve the relationship of TOC with CBOD.
TOC on CBOD were screened for varying levels of color6 to qualify the data beyond
the threshhold color/refractory TOC level. When the Bayou Blanc dataset was filtered for
color <= 50, the correlation greatly increases (r2=0.932) but is still not significant
(p>F=0.122, n=9). color <= 50, the correlation greatly increases (r2=0.932) but is still not
significant (p>F=0.122, n=9).
Filtering of ATOC7 for color <=50 revealed a relationship both highly correlated
(r=0.658) and statistically significant (p>F=0.039, n=8). This is the optimum dataset
available for any study, where no surrogates are needed for CBOD and ATOC and color are

6

TOC is a good surrogate for color. Color indicates the refractory quality of a water - high color
indicates highly refractory water, and high TOC can be expected (colored waters have a
background TOC which will not be degradable). Also, if a water has a high TOC, but low
CBOD, the water is highly refractory.

7

ATOC = TOC(day 0) - TOC (day 20). This value represents the degradable fraction of TOC
present in the water column during the study and was expected to correlate with the carbonaceous
BOD species.
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available to qualify the data and to corroborate the CBOD utilization in the stream during the
study. Figures 4.1 and 4.2 demonstrate this relationship in Bayou Blanc (low-flow) and
BQdeT (high-flow) study.
From the intensive survey laboratory analyses of water column samples in BQdeT, the
CBODn is between 5* and 1,7*CBODs (CBOD^CBODu, ranges 0.2 to 0.6) concentration
and CBODd is between 2* and 1.0 ‘ CBODg, (CBOD^/CBODu, ranges 0.5 to 1.0, see
footnote 3). Thus, using either CBODs or CBODjq would underestimate the ultimate
oxygen demand of the load.
Using readily available TOC data as a surrogate for CBODuand assuming the CBOD
and TOC constituents (presented in Tables 4.2 and 4.3) are representative o f the Bayou's
water column dynamics, then at the high-flow regime the regression algorithm for BQdeT
might be applicable to directly convert TOC in any sample to CBODu. For the flow regimes,
the conversion from TOC (C-based) to CBODu based upon preliminary data appears to be

CBODu = 0.5844 * TOC - 43472,

r 2 = 0.79

(4.8)

Table 4.4 presents the measured values for CBOD species, as well as the calculated
CBODu. If we used the traditional scale-up factor (equation 4.1) to convert BOD, to
CBOD„, the CBOD would be significantly underestimated. However, applyingequation 4.8
to our known TOC data in BQdeT during the high-flow regime, we can more closely
approximate the GSBOD CBODu (Table 4.5). It is noticeable that the CBOD„ calculated
from the TOC data is greater than that from GSBOD.
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Figure 4.1

CBODu vs TOC (Color=SO) in Bayou Blanc Low-Flow Regime
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CBOD vs TOC for BQdeT High Flow Regime
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Table 4.4
Site

BQdeT CBOD Measured in 1992 Survey
CBOD„
■g/L

CBOD*,
»g/L

CBOD.*
■g/L

CBODu,**
■g/L

CBOD,/
CBODu,

CBOD*/
CBODu,

HW

1 "
31.00

trib

30.65

2.1

4.7

4.8

9.4

0.23

0.50

A

29.68

1.4

4.6

3.2

5.9

0.24

0.79

B

28.59

1.8

4.6

4.1

6.0

0.30

0.62

C

27.88

1.9

5.6

4.4

9.0

0.21

0.62

D

26.92

1.9

4.1

4.4

4.6

0.41

0.89

E

26.88

1.7

3.9

9.0

0.19

F

25.98

1.7

2.6

3.9

2.8

0.60

0.92

G

25.79

1.1

4.0

2.5

5.4

0.20

0.74

H

25.12

1.2

4.3

2.8

4.2

0.29

1.00

4.6

4.7

0.98

CBOD„ = 2.3*BOD5(equation 4.1)
CBODufrom GSBOD

The GSBOD ultimate value may also be underestimated because of possible
background highly refractory TOC. These samples would have been easily identified if color
were available (and culled from the dataset if the color>50).
Another way of determining undershot GSBOD values is in comparing the NBODu
with TKN. Theoretically, the NBOD/TKN ratio is approximately 4.57. A number greater
than this indicates that some of the more recalcitrant CBOD material, that takes longer than
20 days to near the ultimate value, has been “counted” in the NBOD species.
4.6.2 Determining CBOD., for the Sediment Flux
A study was carried out to calculate fluxes released from the sediment (F, equation
1.2), whether aerobic or anaerobic. It was necessary to quantify all the loads in the effort to
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Table 4.5

Site

*
**
***

BQdeT Constituents Measured in 1992 Survey and
Estimated Using the TOC Relationship
1

RM

TOC,
■g-C/L

CBOD.*,
mg-Oj/L

CBOD.**,
■ng-Oj/L

HW

31.00

17.6

4.7

6.1

trib

30.65

22.25

9.4

8.9

A

29.68

17.7

5.9

6.2

B

28.59

15.8

6.0

5.0

C

27.88

15.4

9.0***

4.8

D

26.92

14.5

4.6

4.3

E

26.88

14.4

9.0***

4.2

F

25.98

14.0

2.8

4.0

G

25.79

15.6

5.4

4.9

H

25.12

13.4

4.2

3.6

CBOD„ from GSBOD
equation 4.8
these samples were determined to be outside of the acceptable confidence interval and were
eliminated from the determination of cqn. 4.8

identify/quantify each of the TOC and CBOD20 fractions (whether settled, decayed or
resuspended). The most obvious method of determining F was to obtain it from a model
calibrated under varying hydrologic flow conditions. Ideally, loading conditions should be
controlled for minimum pollutant inputs and distributaries. Sources ofBOD are usually easily
calculated for headwaters, tributaries and distributaries; however, resuspended nonpoint
source loading is not usually even considered in wasteload models. In order to obtain this
information, models were calibrated for the two streams for which TOC and CBOD datasets
are available in the rice planting region (Table 4.1).
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Water quality constituent loads in the BQdeT were modeled as originating from four
sources: 1) initial water quality from the headwater, 2) precipitation-effected NPS runoff
loads, 3) NPS ricefield discharges, and 4) an areally distributed source (sediment flux, or
resuspension) attributed to the release o f dissolved organic carbon (DOC) from anaerobic
decomposition o f particulate organic bottom sediments.
LEMNOSS, a steady-state water quality model, was applied to data from the critical
high-flow and low-flow intensive surveys of BQdeT (3/30-4/03/92, and 10/91) from the
critical low-flow intensive survey o f Bayou Blanc (8/93). In these models decay rates and
settling rates were determined as well as seasonal loading from headwater, tributaries,
dischargers (point and nonpoint) and sediment flux (resuspended BOD). This method is a
direct approach to determining loads; the input nonpoint source CBOD or NBOD loads are
summed from all the computational elements in the LIMNOSS simulation (IbsCBOD/mile/day)8. Table 4.6 presents the loads determined during the calibration models
developed for the studied reaches. The nonpoint/resuspended (F) loads greatly dominated
at high-flow and low-flows.
Can we corroborate these values of F through an independent methodology or
through the use o f surrogates? Another method was utilized to approximate the recalcitrant
fraction of TOC.

This fraction is extremely important in quantifying the degradable

resuspended fraction and in independently verifying calibration resuspended CBOD estimates.

8

In order to achieve this, a complete dataset must be collected including hydraulic, water quality
and kinetic parameters so that a calibrated model may be developed on the water body.
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Table 4.6

BOD Loads in BQdeT During the 1992 Intensive Survey
Quantified with LIMNOSS
I SOURCE

Study

lbs/day
BQT High-Flow I Headwater.
Survey. 3/30I Tributary',
lbs/day
4/03/92
I
(ricefield
discharge
canal)
10.08 RM

I Sediment Flux,
BQT Low-FIow
Intensive
Survey. 10/91
2.44 RM

4.6.3

NBOD. |

2383

4100

217.8

1109

|

Ibs/dav
(Ihs/mile/day)

7895
(783.2)

3640
(361.1)

I

1Headwater,

Ibs/dav

241.2

241.2

|

0

0

1
|
fl

I Tributary',
lbs/day
1(ricefield discharge canal)
Sediment Flux,

lbs/day
(Ibs/mile/day)

664.7
(272.4)

332.3
(136.2)

Headwater,

lbs/day

5.46

4.69

Tributaries.
lbs/day
(ricefield discliarge canal,
and single municipal discharger)

236.0

375.5

Sediment Flux.

466.1
(68.54)

435.8
(64.09)

I
Bayou Blanc
Low-FIow
Intensive
Survey. 8/91
6.8 RM

CBOD.

Ibs/day
(lbs/milc/day)

Developing an Empirical CL Factor to Convert TOC to CBOD...
In this section, the TOC fluxes determined during the LIMNOSS calibrations for

BQdeT and Bayou Blanc were compared to the respective CBOD loads. As discussed
previously, the TOC parameter is a measure of organic carbon. It can be related to oxygen
demand through a respiratory quotient, a: the ratio of oxygen required to carbon produced
during bacterial respiration. TOC can be used as a measure of the CBODu released by the
sediments rather than relying directly on CBODu. The classic mass balance for the
TOC:CBOD relationship can be described by:
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(4.9)

§
where: dL/dt
krf. k,
L,
Fl

■ -*A - *A
=
=
=
=

rate of change of BOD with time. mg/L/day
BOD decay and settling rates, respectively, day'1
ultimate concentration of degradable material (CBODJ at time L mg/L
sediment flux contribution

If we allow settled TOC to be represented by k,*CR, then the change over time, or loss
rate, may be described as:
. ,kc

(4.10)

dt
Where: CR

=

recalcitrant (highly nondegradable or mineral TOC concentration. mg/L

Cr = CD+ Cr

Substituting-.

Where: Cr and CD
a9

=
=

(4.11)

CR - CT - —Lt

total and degradable TOC concentrations, respectively. mg/L
respiratory quotient for the material being degraded (ratio of Oj
required during respiration to carbon produced), dimensionless

In order to calculate recalcitrant TOC ( C r) applying (4.12), values for Cr, a , and L,
are needed. Assume that CR is the recalcitrant fraction, available at a future date, to be
resuspended to exert a water column oxygen demand (CBOD) and CT is the total TOC

9

The value of a is dependent upon the respiratory quotient for the material being degraded The
dimensionless alpha usually lies between 0 and 6.
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measured in the water column during the survey. The water column TOC concentrations
from the BQdeT 1992 intensive survey decreased (due to higher decay coefficients) with
distance downstream (Figure 4.3). The net TOC concentration decreased 5 mg/L over the
studied reach (18.4 to 13.4 mg/L, 10.08 river miles). A linear regression equation was
developed for the TOC data:
C T = 0.6962 * R M - 3.7941

(4. 13)

TOC and CBOD20 by RherMIe for BQdeT4/92
20

*

—AfintL'U, 1 ~K1A1
■------▼

18

^ = 0805

-------r

16

f

14

a stream TOC, rr^gOL

■ labCBOD20, mg02/L
12
-J
... Linear (lab CBOD20, rqg02/L)
10 "m
Linea-(streanTOC, mg-C/L) --------- v = 0 1948x- 10805------------ 8 E

—
B

___

-2—
^

^
■

6

4
2

0
32

31

30

29

28

27

26

25

RherMIe

Figure 4.3

Measured Spatial Profile of TOC, BQdeT 1992 High-Flow Intensive
Survey

The values for L, were obtained directly from the LIMNOSS calibration (as CBOD„
concentration) for the specified river mile, a can then be determined during trial-and-error
solutions reaching agreement between equation 4.12 with equations 4.14 and 4.16 (to
follow). Pollutant loads (CBOD and NBOD) were then calculated utilizing two approaches
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depending upon the loading mechanism: 1) flow-related, such as headwater and discharge
loading, and 2) areally distributed loads, including sediment flux (resuspension) and settling.
4.6.3.1

Flow-Related Loads

Flow-related loads were quantified as:
W = S.39*Q*LJI

where: 5.39
W
Q
L„
1

4.6.3.2

=
=
=
=
=

(4 ,4)

conversion
the discharged load, Fbs/milc/day
discharge volumetric flowrate. ft3/sec
the ultimate concentration or degradable material (CBOD J. mg/L
characteristic length, mile

Areally Distributed (Settled or Resuspended) Loads

Sediment fluxes/resuspension were quantified as:
W = 0.33 *Amg*kJ*Lt

where: 0.33
W
L0

=
=
=
=

K4

=

conversion
the distributed sediment flux load, Ibs/mi/day
the average channel bottom surface area, ft2
the spatial, steady-state, ultimate concentration of degradable material
(CBOD J. mg/L
the oxidation rate of the material, day 1
can also be represented as

k<*Lo

where: ATOC =
TOT
=

ATOC
TOT

spatial change in TOC concentration. mg/L
time-of-travel of conservative tracer, days

so that:
W = Axs,avg*
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Using equations 4.14 and 4.16, where L0 is the net TOC decrease (ATOC=5 mg/L)
with measured TOT and bottom surface area and equation 4.12 with the LIMNOSS output
for CBOD resulted in areally distributed TOC decreases of 189.1 Ibs-carbon/day*mile, 188.0
lbs-carbon/day*mile and 190.4 Ibs-carbon/day*mile, respectively; for the 10.08 mile reach.
Applying a=0.75, the loads are converted to 141.9 lbs-Oj/mile/day10, 141.0 Ibs-Oj/mile/day
and 142 8 lbs-OVmile/day, respectively; surprising agreement among the three independently
derived quantities.
The same procedure was followed for the BQdeT low-flow study using a=0.43. In
the absence of TOC data for the low-flow survey, the TOC vs RM algorithm from the highflow study was used to calculate TOC,- with river mile. Table 4.6 summarizes the loads from
both sources determined during calibration
As seen in Table 4.7 settled constituents from the high-flow study (CBOD and
recalcitrant TOC) were greater than the resuspended loads. This verified that the material
available to blanket the bottom and thus available to later resuspend as F, is loaded into the
stream during this particular hydrologic regime.
Using readily available TOC data as a surrogate for CBODuand assuming the CBOD
and TOC constituents (presented in Table 4.7) are representative of the Bayou’s water
column dynamics, then at high-flow, 73% (791/1084) and at low-flow, greater than 900% of
the settled material will be available at any time for future resuspension and deoxygenation.

10

Sediment flux is written in oxygen-bascd/oxygcn demanding units, as any other organic oxygen
consuming load.
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During the high-flow regime, loading is from banks, headwater and dischargers/tributaries and
is characterized by active mixing with cool temperatures.
During the low-flow situation, the stream experiences lower flow and loading (thus,
very little material available for settling), shallower depths, very warm temperatures and low
DO. Since water column DO levels frequently fall below 2.0 mg/L for extended periods of
time, SOD can no longer be exerted and dissolved constituents (methane and ammonia)
previously oxidized at the sediment/water interface begin to diffuse to the underlying water
at an increased rate. At this time resuspension is greatly dominating.
Regression equations can be developed for CR, for the high-flow (equation 4.18) and
low-flow (4.17) regimes from which the sediment flux may be calculated. This will be
necessary to estimate monthly sediment flux loads in the calibrated dynamic water quality
model of Bayou Queue de Tortue (Chapter 6). Table 4.8 presents the estimated C- and 0 2based recalcitrant concentrations, as well as the potential sediment fluxes, F.

TOCr, If = 2.77 * TOC —41.14, r 2 = 0.96

(4.17)

TO C r,hf= \J6 * TO C-20.0, r 2 = 0.96

(4.18)
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Table 4.8

BQdeT Constituents Measured in 1992 Survey and
Estimated Using the TOC Relationship
RM

Site

TOC„
mg-C/L

TOC^
mg-C/L

mg-Oj/L

Potential Sediment
Flni**,
mg-Oj/L

HW

31.00

17.6

11.0

8.23

6.01

trib

30.65

22.25

19.2

14.4

10.5

A

29.68

17.7

11.2

8.36

6.11

B

28.59

15.8

7.81

5.86

4.27

C

27.88

15.4

7.10

5.33

3.89

D

26.92

14.5

5.52

4.14

3.02

E

26.88

14.4

5.34

4.01

2.93

F

25.98

14.0

4.64

3.48

2.54

G

25.79

15.6

7.46

5.59

4.08

H

25.12

13.4

3.58

2.69

1.96

a=0.75 for high-flow loading,
F=0.73*Cr An estimated 73% of the recalcitrant TOC is degradable (Table 4.6).
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CHAPTER 5

CHARACTERIZATION OF RICEFIELD DISCHARGES
The Mermentau River basin, located in southwestern Louisiana (Figure 1) has, over
the past several years, experienced three to five officially recorded fishkills. These events
have been broadly attributed to poor water quality conditions, including low dissolved oxygen
concentrations.

The river basin has been identified in the Louisiana Department o f

Environmental Quality, 1986 Water Quality Inventory Report as a water body with threatened
use impairment (LDEQ, 1986). Smythe and Malone (1990) concluded that use impairment
of streams in the Mermentau basin may be due to the cumulative influences of agricultural
nonpoint source discharges and channelization.
Rice grown in rotation with soybeans is the main crop in the northern part of the
Mermentau Water Quality Management Basin. Nonpoint discharges from these farming
operations are suspected of having a major impact on the water quality in the basin.
Interestingly, little information on the chemical characteristics of nonpoint source discharges
from ricefields or their impact on receiving water bodies is available. Smythe and Malone
(1990); Feagley, et al. (1991, and 1992); Bollich, et al. (1993); and Smythe and Waldon
(1993) collected ricefield discharge water quality data. Data from these studies showed three
distinct discharges from ricefields that had been "mudded-in", the most common method o f
culture in southwestern Louisiana.
The three discharges were classified as: 1) pre-plant, 2) post-plant, and 3) pre-harvest.
Pre- and post-planting were found to be the most deleterious to water quality in the receiving
stream due to high nutrient concentrations, dissolved and suspended solids, BOD and metals.
97
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The eventual settling of the colloidal and suspended materials was shown to result in
disastrously high sediment oxygen demand (SOD) with resuspension affecting a critical high
water column BOD (Smythe, 1991; Smythe and Waldon, 1993).
Feagley, et al. (1991 and 1992), Bollich, et al. (1993), and Smythe and Waldon
(1993) compared initial and final drain waters from ricefields representing four rice planting
practices (best management practices, BMPs) at the Crowley Agricultural Experimental
Station (Crowley, Louisiana), or on the fields o f cooperating farmers. It was shown from
final drain data, that discharges from "mudded-in" fields that passed through a vegetative filter
belt prior to discharge into a receiving body contained lower concentrations of solids, metals,
BOD, nutrients, and pesticides than the traditional "mudding-in" practice with direct
discharge. The researchers found other management practices (MPs) to have a more
pronounced effect on organic, nutrient, and solids loading. These are promising results from
relatively low-technology, cost-effective and minor deviations from the current rice culture
practice.
The objectives of this chapter are to: I) Characterize the deoxygenating constituents
(organic and nitrogenous) of a "typical" effluent from rice planting operations at post-planting
and pre-harvest times using available data, and 2) compare discharge water quality from fields
using BMPs with those using "mudding-in".
5.1

Planting Methodologies and Management Practices
The rice planting methodologies used for management practices recommended by LA

Cooperative Extension, Agricultural Experimental Station, and LDEQ, are described in detail
in Feagley, et al. (1991). Briefly, the methods consisted of: 1) traditional mudding-in, 2)
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mudding-in with a vegetative filter strip, 3) no-till, 4) 30-day holding and 5) clear water
planting. The researchers' replicates included one field of each MP at the LA Agricultural
Experimental Station, and actual fanners' fields. LDEQ independently collected samples only
from the Experimental Station plots (Smythe and Waldon, 1993). A description o f the
management practices is presented in Table 5.1. In-depth documentation of the MPs and field
locations may be found in Feagley, et al. ( 1991 and 1992) and Bollich, et al. (1993).

Table 5.1

Outline of Rice Planting Practices Representing BMPs
Feagley, et aL (1990-92).

Management Practice Type

ID Tag

Management Practice Description

No-till

(NT)

Water planting into previous crop
residue

30-day holding

(30-day)

Retention of floodwater in a closed
levee system for a specified period
during and after soil disturbing
activities

Clear water planting

(CWP)

Clear water planting into a prepared

Mudding-in with a vegetated filter strip

(MIV)

Use of a vegetated filter area

Mudding-in

(MI)

Traditional mudding-in

5.2

I

Sample Collection and Laboratory Procedures
Sample collection was conducted on three occasions, initial/pre-plant discharge from

the 30-day holding field (1 May, 1991) and post-plant and pre-harvest discharges from all
four MP plots (28 May, and 3 September, 1991). Samples were collected by LDEQ,
transpprted to the LDEQ Laboratory within the prescribed six hours, and were filtered by the
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Center for Louisiana Inland Water Studies, University of Southwestern Louisiana (USLCLIWS).
The BOD measurements consisted of several dilutions and blanks, titrated by the
Winkler method, No. 5210 B (APHA, 1989), every several days. Unfiltered, suppressed
carbonaceous biochemical oxygen demand (CBOD) was determined for days 0 through 20
(after which time the nitrification suppressor is essentially consumed). Unfiltered, non
suppressed nitrogenous biochemical oxygen demand (NBOD) samples were titrated from
days 0 through 60.

BOD series were only analyzed for the post-plant samples (28

May, 1991); however, total organic carbon (TOC) and chemical oxygen demand (COD)
analyses were completed on all MPs for the three sampling events. Additional water quality
sampling during the study included in-situ measurements of dissolved oxygen (DO) and
laboratory analyses for total Kjeldahl nitrogen (TKN), ammonia nitrogen (NH3),
nitrite+nitrate nitrogen (N02+N03) and total suspended solids (TSS). The results of these
analyses are presented in detail in Table 5.2 and the constituents are summarized by average
and standard deviation for each drain in Table 5.3.
Resident software existing on the VAX cluster computer environment o f the LDEQ
was utilized to: 1) calculate the decay characteristics in the discharges from the four BMPs,
and 2) calculate the ultimate CBOD and NBOD components of the discharges so that loading
scenarios and subsequent receiving stream impacts might be quantified.
The models, GSBOD and GSNBOD utilized for the study, were written for LDEQ
by Waldon (1989) to calculate first-order decay constants, lag times, and ultimate values for
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Table 5.3
BMP/
DRAIN
30-Day/PH

30-Day/PP

CWP/PH

CWP/PP

MI/PH

MI/PP

MIV/PH

MIV/PP

NT/PH

NT/PP

Summary of Water Quality Characteristics of Rice BMPs
STATISTIC BOD5
mg/L
Average
SuLDev.
No.obs.
Average
SttLDev.
No.obs.
Average
SuLDev.
No.obs.
Average
SttLDev.
No.obs.
Average
SttLDev.
No.obs.
Average
SttLDev.
No.obs.
Average
SttLDev.
No.obs.
Average
SuLDev.
No.obs.
Average
SttLDev.
No.obs.
Average
SuLDev.
No.obs.

3.22
2.11
3
4.12
2.22
9
10.00
n/a
1
3.00
n/a
1
5.33
2.08
3
5.47
2.67
20
6.97
5.52
3
6.16
5.47
5
8.48
3.13
3
3.42
2.29
6

TOC
mg/L

TKN
mg/L

NH3
mg/L

N02/N03
mg/L

DO
mg/L

TSS
mg/L

9.68
3.83
5
13.35
7.34
4
8.85
3.46
2
12.10
n/a
1
11.43
5.16
3
61.10
81.39
3
16.53
11.20
4
26.43
26.41
3
11.18
3.67
4
19.60
13.60
3

2.78
1.77
3
6.54
13.45
17
4.80
n/a
1
0.20
n/a
1
4.65
0.07
2
6.49
5.90
17
8.00
0.00
2
4.60
n/a
1
4.60
0.70
3
1.43
1.45
3

0.51
n/a
1
0.11
0.03
2

3.45
0.48
3
9.09
10.89
15
3.40
n/a
1
0.80
n/a
1
8.90
0.00
2
0.17
0.29
16
0.35
0.07
2
0.50
0.00
2
3.95
0.07
2
0.40
0.00
2

4.00
4.53
2
7.36
4.90
8
1.20
n/a
1
6.30
4.38
2
1.80
2.26
2
5.04
3.33
8
3.45
2.05
2
5.10
4.73
4
3.50
2.97
2
5.63
2.06
4

533.33
577.35
3
2522.67
3562.70
15
360.0
0.0
2
4255.0
2736.5
2
420.0
0.0
2
2237.7
2545.8
7
800.0
0.0
2
3870.0
1583.9
2
300.0
0.0
2
2210.0
14.1
2

n/a
n/a
0
n/a
n/a
0
0.63
n/a
1
0.90
0.77
14
1.07
n/a
1
0.62
n/a
1
0.67
n/a
1
0.25
0.24
2
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CBOD, NBOD, and total BOD. The results were automated in a SAS model that provides
graphical support (Smythe and Waldon, 1991), an example o f which is shown in
Figure 5.1.
5.3

Observations of Rice BMP Discharge Water Quality
Tables 5.4 and 5.5 summarize the COD and TOC, and CBOD values, respectively,

for the discharges. Traditional mudding-in contained significantly higher COD and TOC levels
than the discharge from any other MP; while no-till and 30-day holding were less deleterious.
Table 5.5 summarizes the calculated rates, BOD species concentrations and lag times. It can
be seen that the most detrimental MP in terms of BOD loading into a receiving water body
was the traditional mudding-in planting practice, while the least deleterious of the four was
no-till.
Generally TOC and COD, the ultimate BOD estimations for the rice planting MP
discharges, revealed surprisingly high potential deoxygenation for the post-plant and preharvest sampling events. COD,

^

and TOC,

p.,,. showed high concentrations and

tremendous variation (>100% CV) among MPs; ranging 30 - 530 and 10.7 - 155 mg/L,
respectively. CODp^^^,, and T O C ^^^,, had lowered means and variations; ranging 51 69 mg/L with 13.4% CV, and 11.5-33 mg/L with 49.8% CV, respectively. However, even
these values are extremely high, relative to usual concentrations found in surface waters.
Traditional mudding-in contained the most deleterious levels of organics, resulting in
COD, TOC, and BODuo f530, 155, and 55.3 mg/L, respectively. The serious deoxygenation
potential of this discharge is not obvious from the BODs =15.2 mg/L. The no-till,
30-day holding period,

^

^ and

discharges contained the lowest COD and TOC levels; 32 and
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Figure 5.1

Example of GSBOD/GSNBOD Output Table and Graphic.
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Table 5.4

MP

COD and TOC Species in Rice BMP Post-Plant and Final Drains Sampled
5/01,5/28 and 9/03/91 (Smythe and Waldon, 1991)
COD,
Pre-Plant
me-OJL

Type

NT

1 al

30-day

1 a2'

COD,
Post-Plant
ms-OJL

COD,
Pre-Harvest
me-O^L

32

56

144

TOC,
Pre-Plant
me-O^L

TOC,
Post-Plant

TOC,
|
Pre-Harvest U
ma-C/L
B

11.9

15.5

I

24

| a2e

30-day

30

51

10.7

I

115

I

MIV

199

69

56.6

33

1

1 b

MI

530

64

155

16.4

|

Table 5.5

Characterization of Rice BMP GSBOD/GSNBOD Post-Plant Constituents Sampled
5/1 and 5/28/91 (Smythe and Waldon, 1991)
CBOD.',
mg/L

K*
day1

lag, days

NBOD,',
mg/L

K,,
day1

1*8'
days

bod .*,
mg/L
H

NT

10.61

0.120

0.67

13.36

0.051

0.26

23.98

30-day (pre-plant)

17.94

0.054

0.73

24.88

0.172

2.23

42.82

I
I
I

30-day (post-plant)

13.05

0.167

0.67

15.22

0.059

1.79

28.27

I

MIV

12.55

0.050

0.21

19.78

0.217

2.70

32.33

1

0.046
0.157
2.13
20.77
0.53
34.53
These quantities arc calculated from the GSBOD/GSNBOD model using laboratory data.

55.30

|

j

Type

MI
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11.9 mg/L, and 30 and 10.7 mg/L, respectively. However, the 30-day holding period post
plant BOD„ (28.4 mg/L) concentration was significantly greater than the N o-till^,.^ MP
(24.0 mg/L). Interestingly, pre-harvest TOC and COD concentrations actually increased for
both MPs.
Additional observations contradicted literature in three areas: 1) interestingly, for
three of the four management practices (MPs), the NBOD contribution was greater than the
CBOD contribution, roughly twice as large, 2) there was no apparent time lag for the NBOD
component, and 3) the decay rates for the nitrogenous decay were faster than for
carbonaceous.
The two exceptions to the observations were for no-till planting practice and for the
post-plant drain of the 30-day holding practice. For no-till, the NBOD demand and decay
rates were equal to that of CBOD, straining the intent of the literature, since CBOD
concentration and decay rates are usually significantly larger than NBOD. It may be obvious
at this time to surmise that these exceptions are the result of preventing/delaying discharge
of fertilizer-rich discharge waters until they have been partially utilized. This retention
reduces the impacts on receiving streams, as well as benefits the farmers. These practices
allow them to lose less of this commodity, and assure that it has been utilized in the field,
rather than enriching the stream.
Table 5.6 compares the BOD timescale data and the various relationships to BODu.
As seen, the nonsuppressed 60-day BOD analyses are similar to the ultimate values, indicating
that this longer incubation time is far superior in quantifying the ultimate oxygen demand than
the 20-day analyses. However, using 5-day or 20-day incubation times, as frequently found
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Table 5.6

BOD Lab Data for Rice BMPs (Smythe and Waidon, 1993)
BODm,
mg/L

BODm',
mg/L

BOD.*,
mg/L

BOD,/
BOD.

BODm/
BOD.

9.3

22.97

28.07

23.98

0.39

0.82

S3

6.6

1260

1061

062

1 00

30-dav
(pre-plant)

NS

12.8

35.23

42.82

0.30

0.83

S

4.07

11 47

17.94

0-23

064

30-dav
(post-plant)

NS

6.97

18.80

28.27

0.24

0.67

S

4.4

9.37

13.05

0.34

0.72

NS

9.04

27.38

32.33

0.28

0.85

S

5.12

11.42

12.55

0.41

0.91

NS

15.17

43.33

55.3

0.27

0.78

S

4.37

12.30

20.77

0.21

0.59

BOD
Series

BOD„
mg/L

NS2

NT

43.43

23.83

46.57

MTV
MI

55.87

This quantity is calculated from the GSBOD/GSNBOD model using laboratory data.

in water quality studies, may result in seriously underestimating the ultimate deoxygenating
potential of the discharge. This observation was also made in the instream study (Chapter 4).
In either case, instream or agricultural discharge, water quality analyses for samples

1

As seen, the nonsuppressed 60-day BOD analyses are similar to the ultimate values, indicating
that this longer incubation time is far superior in quantifying the ultimate oxygen demand than
the 20-day analyses.

2

The term "suppressed” refers to adding a material prior to incubation that slows the growth of
nitrifying bacteria in order that the BOD analysis will reflect only the carbonaceous fraction. A
"20-day suppressed analysis” means that approximately 20 days will elapse before the nitrifying
bacteria will have sufficient population to begin contributing to the nitrogenous BOD fraction see Figure 5.1.

3

A "unsuppressed” BOD analysis does not inhibit the nitrifying bacterial population and the entire
BOD is expressed representing both the carbonaceous and nitrogenous fractions.
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no
containing recalcitrant constituents (as is the case with agricultural discharges) must include
incubation times greater than 20-days.
Table 5.7 illustrates the partitions between CBOD and NBOD species in the total
BOD of different rice MPs. The NBOD composition of agricultural discharges is, with one
exception, larger than the CBOD, consisting of excess fertilizers (ureas and nitrates) that
decay quickly; as well as proteins (detritus, rice chaff and algae) that decompose more
slowly.
Table 5.7

Carbonaceous and Nitrogenous Composition of Total BOD
in Rice Discharges
CBOD.*,
mg/L

NBOD.’,
mg/L

BOD.*,
mg/L

CBOD./
BOD.

NBOD./
BOD.

NT

10.61

13.36

23.98

0.44

0.56

30-day (pre-plant)

17.94

24.88

42.82

0.41

0.58

30-dav (post-plant)

13.05

15.22

28.27

0.46

0.54

MTV

12.55

19.78

32.33

0.39

0.61

MI

20.77

34.53

55.30

0.38

0.62

Type

Similarly, faster initial decay rates for the NBOD relative to CBOD (Table 5.5) may
be explained by the discharge composition. The rapid acclimation of the nitrifying bacteria
may create "hot spots" ofbiological activity, rapidly decomposing the fertilizers, then slowing
with the consumption of more recalcitrant detrital materials.
The apparent lack of lag time may be explained by the fact that the window of
observation had been missed. Fertilizers were applied to the ricefields at the time of planting.
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Five to seven days later, upon the appearance of emergent growth of the rice, the water is
discharged and fields are reflooded. Thus, the nitrogenous bacterial population may have
reached the competitive level by the time the water was discharged. The conditions are ideal
for the acclimation of these bacteria: warm, shallow, quiescent water body (the "field" is
effectively a shallow pond); high solids content onto which to colonize; and high substrate
levels.
Table 5.5 summarizes the calculated rates, BOD species concentrations and lag times.
It can be seen that the most detrimental MP in terms of BOD loading into a receiving water
body was the traditional mudding-in planting practice, while the least deleterious of the four
was no-till.
5.4

TOC as a CBOD Surrogate
Recall from the discussion in Chapter 4 that the conversion from TOC (C-based) to

CBODu based upon preliminary data appears to be :

C bodu = a * T O C

where: CBOD„ =

(5.1)

equivalent Carbonaceous oxygen demand. mg-OVL

a

=

respiratory quotient for the material being degraded (ratio of Oj required
during respiration to carbon produced), dimensionless.

TOC

=

total organic carbon, mg-C/L

As seen in Table S.8 applying equation (5.1), the CBOD values converted directly
from TOC using a were similar to the laboratory CBOD values. The lack o f agreement of
treatments MI and MTV may be due to the high mineral content in the two MPs, which tends
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to interfere with most water quality analyses, including that for BOD. One immediately
obvious benefit to having access to a reasonable a is that the laboratory analyses need not be
present in the dataset to determine the ultimate oxygen degradation potential of the discharge.
Table 5.8

Conversion of TOC to CBOD,

Management
Practice

TOT . .
mg-C /L

CBOD.*
■g-Oj/L

CBOD.**
■g-Oj/L

Pre-Plant
30-dav

24.0

17.94

18.0

Post-Plant
NT
30-day
MIV
MI

11.9
10.7
(56.6)’
(155.)’

10.61
13.05
12.55
20.77

8.93
8.03
42.5
116.

Pre-Harvest
NT
30-day
MIV
MI

15.5
11.5
33.0
16.4

—

11.6
8.63
24.8
12.3

—
—

—

*
**
()'

laboratory data with GSBOD
conversion with equation 5.1
These samples were extremely high in TSS which is known to interfere with most analyses.

5.4.1

Impacts of Discharged Ricefield BOD on Receiving Water Quality
The five-day BOD (BODs) values derived from the present study are all relatively low

(Table 5.5). If relied upon exclusively, the deoxygenation potential of these particular
discharges on a receiving water may not appear to be particularly deleterious, and certainly
appear more benign than sewage BOD, limits of 30 mg/L (secondary treatment). Certainly,
as in the case of traditional mudding-in, and mudding-in with vegetative filter strip,
respectively, the long term impacts are not benign: BODuof 55.3 and 32.3 mg/L (only 15.2
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and 9.04 mg-O/L, 27% and 28.8%, respectively, are consumed in the first five days, and 55.9
and 46.6 mg-Oj/L, 78% and 85%, respectively, are consumed within the first 20 days, Table
5.6).
5.5

Dataset Management
It was important to quality control ricefield discharge water datasets in order to obtain

the maximum number of comparable observations from the various studies. In order to
compare datasets among studies by various researchers it was necessary to compare like
constituents. For instance, the LDEQ dataset consists of 20- and 60-day BODs, TOC and
COD. The Smythe and Malone (1990); Feagley, et al. (1991 and 1992); and Bollich, et al.
(1993) datasets contain BOD, and some TOC data. The common ground for comparing
these datasets appeared to be through conversion to ultimate CBOD (CBODJ. The
uniformly comparable databases were then used to determine potential impact on a receiving
stream.
5.5.1

Other Datasets Utilized in Ricefield BMP Discharge Quality Characterizations
The datasets of Smythe and Malone (1990), Feagley, et al. (1991 and 1992) and

Bollich, et al. (1993) also contained the required parameters. The collection, transport and
analytical procedures utilized in these studies are detailed in the cited works. The datasets
consisted of various parameters from pre-plant and pre-harvest drains for the five MPs. In
this series of data collections, BOD, was analyzed as well as TOC. As discussed previously,
BOD, is inadequate to describe CBODu in these agricultural discharges and may, in fact, be
absent. Since TOC is an easily analyzed constituent, it was available in most o f the datasets.
Thus, applying equation (5.1) to the TOC values yielded CBODu. In two cases, CWP-PH and
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NT-PH, it may be seen that the pooled laboratory BODs values are greater than the CBODu
calculated from TOC. This may result from the pooled values for BODs or TOC not being
representative of the drain due to a paucity of samples or a large variation in them. Table 5.9
summarizes the average concentrations from each of the drains using all available data.
Table 5.9

Conversion of Pooled Rice Drain Dataset
TOC to CBOD,

BMP

DRAIN

BODg,
■g/L

TOC,
mg/L

CBOD„*
mg/L

30-day

PH

3.22

9.68

7.26

30-day

PP

4.12

13.4

10.0

CWP

PH

10.0

8.85

6.64

CWP

PP

3.00

12.1

9.08

MI

PH

5.33

11.4

8.57

MI

PP

5.47

61.1

45.8

MTV

PH

6.97

16.5

12.4

MIV

PP

6.16

26.4

19.8

NT

PH

8.48

11.2

8.39

NT

PP

3.42

19.6

14.7

equation S. 1
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CHAPTER 6

REAERATION RATES FOR LOUISIANA STREAMS
Reaeration is the physical absorption of oxygen from the atmosphere by a waterbody.
This is the primary process by which oxygen is replenished in a waterbody, and is often found
to be the most sensitive process in water quality studies. It has been determined that the
magnitude of the reaeration rate process can influence whether a stream is classified as being
dissolved oxygen (DO) impaired or DO sufficient. The estimation of the reaeration rate in
a waterbody is critical in developing dissolved oxygen (DO) concentration models. There is
little dispute that the form of the reaeration rate equation can be written as a first order
process (from Section 2.3.3):

- £ = r = K2 (Cs - C)

dC/dt
r

=
=

K:
c,
C
(C.-C) =

(2 .1 )

or the rate of change of the dissolved oxygen concentraton with time
reaeration rate.
reaeration coefficient of oxygen, or the coefficient quantifying the process
of reaeration, day'1,
saturation concentration of oxy gen in the water column when the water
is in equilibrium with the atmosphere.1, mg/L,
dissolved oxygen conentration, or the amount of oxygen dissolved in a
volume of water, mg/L.
DO deficit, or the difference between the saturation concentration and the
DO concentration, mg/L.

Although numerous studies have been performed measuring reaeration rate coefficients (K2),
relatively few of these studies have been performed in very slow-moving streams, and most
require relatively accurate stream hydraulic characteristics, such as the mean velocity and
l

The saturation concentration is a function of water temperature, barometric pressure and salinity.
115
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mean depth of flow. However, in addition to the difficulties with acquiring reproducible
stream geometry data, empirically derived equations generally give a large range of predicted
reaeration coefficients for a specific set of hydraulic conditions. Also, of course, is the
cautionary note that an empirical equation should be applied only with extreme caution
outside the range of the measurements that went into its development.
In spite of the lack of research in low-energy streams, typical o f south Louisiana,
management agencies in coastal states must, under federal guidelines, develop water quality
management plans for coastal streams. The method of determining reaeration coefficients is
therefore critical to the development of defensible water quality management plans.
6.1

Background
The surface transfer rate for oxygen flux across the air-water interface is a function

of hydraulic variables, such as velocity, cross sectional area, and depth; hydraulic structures;
surface turbulence from wind; surface film depth; water temperature; and dissolved solids.
Empirically, most formulas for predicting the surface transfer rate of oxygen across the
air: water interface (K,J may be written as:

(6 . 1)

where: K,•L
U

H
a,b,c

surface transfer rate coefficient of oxygen, ft/day.
mean hydraulic velocity, ft/sec,
mean hydraulic depth, ft, and
coefficients.
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Typically, KLis depth-averaged to yield a single term, the reaeration rate coefficient,
K2, described by:

(6 . 2 )

where

K2. 200C - the reaeration coefficient of oxygen, corrected to 20°C. day1.

Numerous equations are available in the literature to predict the reaeration rate
coefficient of a stream; most requiring the mean velocity and mean depth of flow, which is
usually available. However, in the slow-moving streams typical of south Louisiana, these
equations generally give an unacceptably large range of predicted reaeration coefficients for
a specific set of hydraulic conditions. Table 6.1 presents a list of empirical equations for
which the hydraulic variable data ranges are applicable to selected reaches of the Louisiana
stream reaches studied. Table 6.2 demonstrates the range of K2 values calculated from the
stream conditions in BQdeT during the low-flow survey of 10/91.
6.2

Measurement of Stream Reaeration
Rathbun, et al. (1979) prepared a methodology for estimating the stream reaeration

rate coefficient, K2, utilizing propane and Rhodamine WT dye. The relevant equations are:
where

Ko 20°c

= reaeration coefficient of oxygen, corrected to 20°C. day'1,

Kz = 1 . 3 9 Kp (1. 0241) 20_r

ID

f

dn [ p e a J c

/(-

p .d n '

p e a ir

(6.3)

(6.4)
d , dn
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Kp
1.39
1.0241
TOT
%Rv .dn
Cpeip.upmddn
Cpcatiupmddn

= volatilization rate coefficient (or gas desorption rate) of propane, hours'1.
= ratio of propane-lo-oxygen transfer coefficients.
= correction factor for temperature deviation from 20°C.
= time-of-travel (dye peak-to-peak). hours,
= percent recovery o f dye mass upstream and downstream, respectively.
= peak propane concentration upstream and downstream, respectively, ug/L. and
- peak dye concentration upstream and downstream, respectively. ug/L.

The tracer methodology of Rathbun, et al. (1979) was modified by Everett, et al.
(1993) to measure the reaeration rate coefficients in the studied stream reaches using a
Lagrangian transport sampling method. This methodology is appropriate to use in slowmoving streams because one parcel o f water is followed throughout the study, reflecting
transformations over time within that parcel.
The Everett, et al. (1993) method involves a short-term continuous injection of
propane and dye so that both undergo identical dispersion and dilution. Sampling for propane
is performed near the dye peak. In contrast to Rathbun’s method, the entire dye tracer cloud
is sampled at selected times using a fluorometer. Propane is sampled near the observed dye
peak at each sampling site. Propane volatilization, K^,, is measured using a mass-corrected
dye concentration, described in equation 6.4. The rate of volatilization is then related to the
reaeration rate as described in equation 6.3.
6.2.1

Procedure for Measuring K-, in Louisiana Streams
A measured volume of Rhodamine WT dye (20% by volume as received ffom the

manufacturer, specific gravity 1.19) was discharged continuously using a Mariotte bottle over
approximately one hour throughout the study segment Using a Turner III flowthrough
fluorometer, a continuous record of the dye flow-through curve was recorded with particular
note made of the leading and trailing edges, as well as the peak of the dye.
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Table 6.1

Reaeration Coefficients for Rivers and Streams
(from U.S. EPA, 1985)

REFERENCE

Kj, base c (day1at
20°C)

APPLICATION

20.2 u0607/h , 6IW

Based upon a rcanalysis of historical data.

Churchill, et al (1962)

11.6 U ^’/H1675

Based upon observed rcacration rates below dams from which oxygen deficit water
was released. 2<H<I1,1.8<U<5.

Isaacs and Gaudy (1968)

8.62 U/HM

Developed using regression and analyses from data collected using a recirculating
cylindrical tank. 0.6<U<1.6,0.5<H<1.5,

Langbcin and Durum (1967)

7.6 U/HIM

Based upon synthesis of data from OConnor-Dobbins (1958), Churchill ct al (1962),
Krcnkcl and Orlob (1963), and Streeter ct al (1936).

Long (1984)

1.923 u0373/HOW4

Known as the "Texas" equation. Based upon data collected on streams in Texas.

Negulscu and Roianski (1969)

10.9 (U/H)085

Developed from a recirculating flume with depths less than 0.5 feet.

O’Connor and Dobbins
(1958)

12.9 1 1 °’/H15

Moderatelydccpchannclswhere: l<H<30,0.5<U<I.6.

Padden and Glovna (1971)

6.9 U° 7M/H'054

Regression analysis performed on data where: 9.8<K,<28.8.

Owens ct al (1964)

23.3 U°73/H175

Oxygen recovery monitored for six streams in England following dcoxygcnation with
sodium sulfite. 0.I<U<I.8.0.4<H<11.

j Bennett and Rathbun (1972)

where:

H=
U=

Mean Hydraulic depth. A,
Mean velocity, A/scc,

I
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Table 6.2

1

Reaeration in BQdeT for Critical Low-Flow Conditions
Contrasted with Specific Empirical Equations

H

U

K,

0

W

4.35

0.01

1.14*

4.0

82.8

Bennett & Rathbun

0.103

Churchill**

0.011

Isaacs & Gaudy**

0.010

Langbeim & Duram

0.011

Long

0.307

Negulscu & Rojanski**

0.062

O’Connor & Dobbins**

0.142

Padden & Gloyna

0.058

Owens**

0.061

L
2.44

*

All of the applicable empirical equations available in literature fail to yield the correct result.

**

These predictions use depth or velocity outside the range for which the equation was developed
(see Table 6.1).

where: Q
W
L

=
=
=

1
1

hydraulic discharge, ft3/sec.
mean stream width, ft.
reach length, or distance between reaeration measurement sites, miles

Dye samples were taken at several points upstream and downstream from the dye
injection site using a hand sampler and an automatic sampler boat (Super Sucker).
Fluorometer measurements were later converted, via a standard curve, to water column dye
concentration.
Dye mass was calculated for each sampling (time) interval to determine the dye
recovery (%R, equation 6.4) rate. A critical requirement in subsequent dispersion and
reaeration calculations is that the dye be conservative. Because the dye was not conservative,
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calculated recovery rates were utilized as correction factors. The calculation for dye mass at
each interval proceeded by the following steps: 1) plot dye concentration interval (C^ versus
river mile (RM), 2) interpolate the stream cross-sectional area (A^J corresponding to the
location to each dye observation, 3) estimate total dye mass at each time by numerically
integrating the area under the A,, * C^, vs RM plot (Figure 6.1), and 4) calculate dye recovery
ratios for each interval relative to a baseline interval (usually the dye injection site). The
method of calculating and summing the incremental masses for each interval is detailed
elsewhere (Smythe, 1991).
The numerical integration for dye mass (step 3) was accomplished using the following
equation:
CA
d ( M a s s inCervaJ)

where: total dye mass
'/z (CA + Q,,*A ki )

6.3

=

1 1

+ C . .A
^

* A x i+1 _ ,

(6.5)

=

sum of incremental mass dye calculated for each distance
increment in a specific sampling interv al, and

=

arithmetic average of the mass increment calculated for the
distance. R m ,.,.,.

Development o f the Empirical “Louisiana” Equation
As in most hydrologic studies, it is impractical to measure all streams for their

reaeration coefficients; thus, attempts to develop empirical equations to characterize
reaeration are desirable. Depth is a critical, sensitive variable for reaeration models, yet
uncertain depth profiles exist for most streams. In addition, the geometry of many streams
may be less accurate than desirable because of inaccessibility. Due to these conditions, depth
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Figure 6.1

Dye Curve for interval A: BQdeT 10/16/90, peak rmile=27.76
TOT-20.56 hours,.

is usually calculated from measured dye time-of-travel (TOT) data and stream widths using
the procedures described by Hubbard, et al. (1982) and expressed in equations 6.5 through
6.7.
The mean velocity, U, of a stream reach is calculated by time-of-travel data along with
distance the dye traveled within each reach:
U =

where

D
TOT

=
=

D
TO T

( 6 .6 )

reach length or distance traveled by dye. ft, and
th e peak-to-peak time elapsed to travel between sampling sites, days.
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Procedures for measuring the TOT in a stream reach are documented elsewhere
(Hubbard et al., 1982). The average stream cross-sectional area, A, and average stream
depth, H, are estimated from observed average stream width, W, and discharge, Q, using the
relationships:

where: A
Q
H
W

=
=
=
=

mean stream cross-sectional area, ft3.
hydraulic discharge, ftVsec,
mean hydraulic depth, ft and
mean stream width, ft.

The modified dye-tracer method developed by Rathbun, etal. (1979) was utilized by
Everett, et al. (1993) to measure reaeration in 11 low-flow Louisiana stream segments. Using
field data collected on these streams,

a regression model ofK2 versus mean velocity was used

to derive the "Louisiana" equation in order to predict the reaeration rate coefficients for
similar low-flow streams. The mechanically measured reaeration valueswere then compared
with coefficients from: 1) the empirical ‘‘Louisiana’’equation derived from the field data, and
2) ten other empirical equations.
Because small errors in stream geometry may result in large errors in depth, and
subsequently, in the calculated reaeration coefficient, in the Louisiana equation, the reaeration
coefficient, K2, has been reduced from a three-dimensional to a two-dimensional comparison.
This allows for comparison of stream reaeration without depth considerations. The predicted
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linear reaeration equation from the measured Louisiana data was empirically reduced to:
Kl
= ~ a
2
Ha

(6-9)

For the 11 Louisiana stream reaches studied, the best regression line occurred when
a=l, as expected from the theory, indicating that KLis only a function of velocity, and is not
dependent upon depth. A linear equation with velocity was found to provide an adequate
description of the available data:

K l = d + eU

(6.10)

Thus, Kl and K2for the Louisiana streams may be expressed as:
Kl = 1 . 6 8 + 1 6 . 8 O

(6.11)

K2 = 1 . 6 8

(6.12)

For:

1+ ^ ° U

0.05 < U < 0.5 ft/sec
1.00 < H < 2.0 ft

6.3.1 Applicability of Empirical Formulas to Louisiana Streams
Figures 6.2 through 6.5 present the surface transfer rate coefficient (K,_) calculated
using the empirical equations from Bennett and Rathbun (1972), O'Connor and Dobbins
(1958), Owens (1964), EPA, and the proposed Louisiana equation, plotted against velocity
for various depths. The empirical formulas listed in Table 6.1 and equation 6.1 predict KL—>0

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

125

as U~>0, which we know is not the case2. This leads researchers to use the formulation for
a minimum Kl adopted by U.S. EPA for slow-moving streams:
K2 , minimum ~ 2 *3
where

2.3

=

(6.13)

the minimum KLvalue allowed by EPA estimates.

In shallow streams, KLvalues, calculated using empirical formulations, result in K2
values that are unreasonably large because of the inverse dependence of K2 upon depth
(equation 2). The largest separation in Kl values between the Louisiana formula and other
empirical formulations, occurs at shallower depths, as seen in Figure 6.2. As the depth
increases to 1 ft. (Figure 6.3), the spread decreases, becoming equal at depth of
approximately 1.5 ft. An inversion of the equations is observed for depths greater than 2ft
(Figures 6.4 and 6.5), where all empirically derived KLs are smaller than the Louisiana
equation, falling below the EPA mini-KL value at depths o f 5 ft and velocity < 0.2 ft/sec
(Figure 6.5). Note that the Owens, and O'Connor and Dobbins formulations were applied
outside of the range of velocity for which the models were developed, although the depth
ranges are correctly applied (Table 6.1).
EPA objects to the use of empirically derived, high K2 values calculated in water
quality modeling, and instead, prefers the use of the EPA mini-KL, equation (6.9). It can be
seen in Figure 6.2 however, that the mini-KL model greatly underestimates the reaeration

2

In hydromodified streams, typical of southwest Louisiana, we frequently find streams with
significant depths (>4') that have a measured discharge rate o f 0 cfs with a comparable velocity
near 0 ft/sec, yet we can measure a vapor escape rate (Kl).
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potential of the mechanically measured Louisiana stream segments (streams with velocities
greater than 0.04 ft/sec). The Louisiana equation appears to better evaluate the reaeration
of shallow streams, since it was calibrated using data from these streams.
In the presentation of measured versus empirical values of K2(day1), the identity line
is a 45 degree angle from the origin. If the plotted comparison between the measured and
calculated coefficients is above this line, the estimate (calculated value) is too high.
Conversely, if the comparison is above the identity line, the estimated reaeration coefficient
will be too low.
Figures 6.5 through 6.9 present the comparison of empirical against measured K,
values following the methods of Bennett and Rathbun (1972), O'Connor and Dobbins (1958),
Owens (1964), EPA, and the Louisiana equation, respectively. High and low values were
calculated based upon predetermined ranges of highest and lowest reasonable estimates, and
a most probable value for width (from which depths were then calculated).
The methods ofBennett and Rathbun (Figure 6.5), Owens (Figure 6.7), and Louisiana
(Figure 6.9), produced fair identity lines; however, the former two resulted in slightly greater
deviations. The EPA method (Figure 6.8) did not perform well in this analysis.
In Figure 6.6, measured surface transfer coefficients (KL, ft/day) were plotted against
velocities for the 11 respective stream reaches. The vertical lines represent ranges of KLfor
the streams tested; where the KLis calculated for the most probable, and lowest, and highest
reasonable estimates (MP, LRE and HRE, respectively) of stream widths. The line represents
the linear "Louisiana" equation, while the broken lines represent the 95% confidence limits
about the line.
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Figure 6.2

Surface transfer rate coefficient, KL, calculated using various
empirical methods where depth=0.5 ft., versus velocity for 11
Louisiana stream reaches
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Figure 6.3

Surface transfer rate coefficient, KL, calculated using various
empirical methods where depth=1.0 ft., versus velocity for 11
Louisiana stream reaches
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Figure 6.4

12

Surface transfer rate coefficient, KL, calculated using various
empirical methods where depth=2.0 ft., versus velocity for 11
Louisiana stream reaches
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Figure 6.5

Surface transfer rate coefficient, KL, calculated using various
empirical methods where depth=S.O flu, versus velocity for 11
Louisiana stream reaches
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It can be seen that for the majority of these low-velocity streams, the linear approach
works well to predict the KL for the stream segments. In every case, the given range of
stream geometry was adequate to provide at least one estimate of KLthat lay within the 95%
confidence interval. The stream segments with the most marginal predictions, appear to be
those with low-velocity (<0.19 ft/sec), and narrow width (< 16 ft); where a small error in
flow, time-of-travel, or width measurement leads to a large error in

measurement.

The nomograph (Figure 6.12) illustrates the application of the "Louisiana" reaeration
coefficients (diagonal lines are specified K2 ) for various velocity versus depth scenarios.
Similar to Covar's (1976) presentation of K2 this presentation develops the lower end of his
diagram for which no data exist, addressing streams in which U < 0.5 ft/sec, and H < 1.0 ft.
A paucity of data exist for the hydraulic conditions outside those used to calibrate the
Louisiana equation. As intensive reaeration surveys are conducted, refinements to the
equation should be performed.
6.4

Summary of Reaeration Rates in BQdeT
Table 6.3 presents a summary of the hydraulic characteristics and reaeration rate

coefficients for the segments of BQdeT measured during the intensive surveys for critical
low-flow (10/16-19/90) and critical high-flow (3/31 -4/03/92) near Crowley (LA Highway 13,
RM 27) and upstream near the headwaters at Du son (RM 49, 10/7-14/92) for comparative
purposes. It is interesting that depth is much more a factor in reaeration than flow or velocity.
Sensitivity analyses of the effect of possible errors in these variables were conducted
by Rathbun, et al. (1979). The results showed that the errors in the mean velocity were the
most important (tracer gas desorption increases with increased velocity), followed by errors
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Figure 6.6

KLcalculated using the Louisiana equation for a range of widths,
versus velocity for 11 Louisiana stream segments. Broken lines are
the 95% confidence interval about the mean
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Evaluation of the identity line for calculated versus observed
reaeration rate coefficients, K2, using the Bennett and Rathbun
empirical equation
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Evaluation of the identity line for calculated versus observed
reaeration rate coefficients, K2, using the O'Connor-Dobbins
empirical equation.
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Evaluation of the identity line for calculated versus observed
reaeration rate coefficients, K2, using the Owens empirical equation.
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Evaluation of the identity line for calculated versus observed
reaeration rate coefficients, K2, using the EPA minimum-KL
empirical equation

LOUISIANA

0

2

4

6

K, obs, tloy

Figure 6.11

/

o

/

/

Evaluation of the identity line for calculated versus observed
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Specific reaeration coefficients using the Louisiana equation

Table 6.3

Summary of Hydraulic Parameters and, Reaeration Coefficients for
BQdeT

STREAM
day1

Q,
cfs

Time-ofTravel,
days

Avg.
Velocity,
ft/sec

Avg.
Width,
ft

Avg.
Depth,
ft

0.056

13-23

0.15-0.6 I

Bayou Queue de Tortue
(Duson)
low-flow (10/7-14-92)

1.52
(measured)

0.32

Bayou Queue de Tortue
(near Crowley)
low-flow (10/16-19/90)

1.14
(measured)

4.0

5.66
(2.44 RM)

0.011

82.8

4.35

Bayou Queue de Tortue
(near Crowley)
high-flow (3/31-4/03/92)

0.61-1.03
(LA
equation)

71.2

4.36
(10.08 RM)

0.17

90.7

4.6
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in the desorption coefficient, KL. In this study, errors in depth, influencing the estimation of
K,^ was found to be the most critical factor in reaeration rate estimation; thus, depth is
measured through TOT, rather than measurement. In addition, the geometry of many of the
studied stream segments may be less accurate than desirable, because of inaccessibility. By
utilizing the modified dye-tracer method, reaeration rates may be measured in-situ, without
the necessity of extreme accuracy in stream geometry measurements. Thus, the modified
Lagrangian transport method developed by Everett, et. al (1990) is an example of the need
for adapting widely accepted sampling methodologies to south Louisiana’s unique hydrology.
6.5

Conclusions and Recommendations
The reaeration rate coefficient is necessary for modeling the DO concentrations in

streams. The rate may be either mechanically measured, or empirically derived. There are
many empirical equations in the literature for predicting the reaeration coefficients of streams;
however, these methods result in a wide range of estimates for a specific set of hydraulic
conditions. There is also a tendency for the estimated coefficients to be larger than the
measured values for low-flow streams, the very conditions under which dissolved oxygen
standards may be compromised (Rathbun, 1979).
In spite of the inaccessibility of many stream segments, and the difficulty in accurately
measuring stream width (and subsequently depth), mechanically measuring a stream's
reaeration rate coefficient, K2, may be more cost-effective and accurate than empirically
deriving it. However, it is impractical to measure all streams for their reaeration coefficient;
thus, attempts to develop semi-empirical equations to characterize reaeration are desirable.
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In this study, reaeration coefficients from LDEQ intensive survey databases were used to
develop a Louisiana-specific, semi-empirical equation.
The reaeration rate of streams with flow rates smaller than 300 ft3/sec (8.5 m3/s) can
be successfully measured with the modified tracer technique of Rathbun,*/ al (1975). Using
this method, K2values were measured for 11 shallow, low-flow stream segments in Louisiana,
and were then compared with empirical estimates of the reaeration coefficient. All the
empirical equations failed to approximate the measured values for the studied Louisiana
stream segments.
Sensitivity analyses of the effect of possible errors in these variables (Rathbun, et a!.,
1979) showed that errors in the mean velocity were the most important (tracer gas desorption
increases with increased velocity), followed by errors in the desorption coefficient, KL. Since
the streams in this study had similar velocities, errors in stream geometry, specifically, depth,
influencing the estimation ofK ^ were found to be the most critical factor in reaeration rate
measurement. An analysis of the effect of changing the stream width, thus depth, resulted in
significant changes in K2.
Again, the linear reaeration equation predicted from the measured Louisiana data was
empirically reduced to a "Louisiana" equation, and a nomograph was developed for
Louisiana-specific K2s under varying depth and velocity scenarios.
„
n
1+ 10U
K2 = 1 . 6 8 ----- —
M
where:

0.05 < U < 0.5 ft/sec
1.00 <H <2.0 ft.
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CHAPTER 7

DETERMINING LONGITUDINAL STREAM DISPERSION
This chapter presents the results of a dynamic hydrologic simulation o f Bayou Queue
de Tortue, a stream in Southwestern Louisiana that was demonstrated to be use-impaired due
to channelization and non-point source discharges. The primary purpose o f the model was
to calibrate the hydraulics of the bayou in order to later simulate the constituents using a
dynamic water quality model.
7.1

Background
Dispersive exchanges in the water column may significantly affect the transport of

pollutants.

Dispersion in a water body occurs in three-dimensions (x-y-z directions).

Elongation of a constituent plume over time or distance is termed longitudinal dispersion,
while the gradual flattening of the plume across the stream width is termed lateral
dispersion. Vertical dispersion is self-explanatory. Even in rivers, longitudinal dispersion
is one of the most important processes in diluting constituents. Relatively conservative
tracers, such as dye, salinity, and heat may be used to measure dispersion coefficients.
Fischer (1967 and 1979) performed much of the early research on longitudinal
dispersion in flowing waters. He demonstrated that if a tracer has become adequately mixed
across the cross-section of a stream, and the pollutant/tributary discharge is constant, then
longitudinal dispersion may be neglected. Ruthven (1971) cited an expression to assess the
influence of dispersion for a situation in which the pollutant is being continuously released and
conditions are at steady-state:

— < — - 0.04
U2
23

(71)
136
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where: k
Dl
U

=
=
=

the decay rate, day1
the dispersion coefficient, ItVsec and
the mean hydraulic velocity', ft/sec.

If the concentration profile is affected by < 10%, then dispersion can be ignored. The
assumption is that for small concentration gradients, dispersion is small, and may be
neglected. However, in practice, discharges, particularly accidental spills of pollutants, may
not be constant.

In cases such as this, Ruthven's equation demonstrates that large

concentration gradients effect large dispersion, which are not negligible.
, Dt a s
dt

8C

—
dx

dC

—

Dl

u

dx

<7'2)

Ldx2

= average concentration change m th distance
= average concentration change m th tim e
= one-dim ensional dispersion coefficient
= average stream velocity

Fischer (196, 1979) also cites examples of typical waste treatment plants that
commonly discharge in a daily cyclic pattern. In situations such as these, the longitudinal
dispersion coefficient, DL, may be estimated using the one-dimensional dispersion equation.
Currently, methods used to determine stream dispersion include:
1)

developing or utilizing published empirical equations to predict DL,

2)

predicting DLusing theoretical/analytical solutions to the dispersion equation (7.2),
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3)

back-calculating the DL coefficient of the dispersion equation (7.2) using a finite
difference solution technique,

4)

following a continuous injection of a conservative dye tracer until steady-state
conditions persist, then calibrate the curve to a value of DL, or

5)

using a slug-injection of a conservative tracer in a dynamic simulation, and calibrate
the concentration curve to a value of DL.
Bowie et al., (1985a) present many empirical estimates for determining dispersion.

As seen in Table 7.1, most of these equations require slope (inherent in the shear velocity
term), which is either inappropriate or unmeasurable on the low-energy streams typical of
those in South Louisiana (such as Bayou Queue de Tortue). Glover (1964) reports that the
measured dispersion coefficients may be 10 to 40 times higher than those obtained empirically
due to the lateral variation in stream velocity (Glover, 1964; Fischer, 1967), i.e. nonuniformity of channel cross-sectional areas.
The use of equation (7.2) in the theoretical/analytical, and finite-difference expansion
options may also be limited to order-of-magnitude estimates of dispersion, requiring field data
to solve for the dispersion equation coefficient.
7.2

Empirical Determination of Longitudinal Dispersion
Using a continuous injection of a conservative tracer is the preferred method for

estimating the dispersion coefficient in estuaries. In the "fraction of freshwater method"
(Bowie, 1985b), the fresh headwater becomes the conservative tracer. However, this is
impossible to implement in a low-energy stream (such as Bayou Queue de Tortue) due to the
non-steady-state conditions and impracticality of extended injection times.

Thus, the

approach most immediately available to determine the dynamic longitudinal dispersion
coefficient is to obtain it through simulation and calibration o f a slug-injection of a
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Table 7.1.

List of Empirical Equations Frequently Used to Determine Dispersion

REFERENCE

EMPIRICAL EQUATION

Taylor (1954)

Dl=10.1R1)U.;

pipe flow

Elder(1959)

Di=5.93Hu.:

lateral velocity variation not considered

Glover(1964)

D l=500Ru-;

natural streams

Krcnkel (1960)

2-D channels

Fischer (1975)

Dl=0. 1ILFWVH

Thackson (1966)

D l=725H u.(U/u.);

Where: E
H
R
U
uW

=
=
=
=
=
=

2-D channels

rate of energy dissipation per unit mass of fluid
stream depth
hydraulic radius
mean velocity of flow in reach
shear velocity
channel width at steady base flow

conservative tracer using a temporally- and spatially-varying computer model, such as EPA's
Water Quality Analysis Simulation Program (WASP).
Longitudinal dispersion is one o f the most important processes in diluting constituents
in a waterbody. The use of empirical equations has been found to be insufficient in estimating
the dispersion in the low-energy streams that are characteristic of south Louisiana. The best
approach to quantify this coefficient is to obtain it through simulation and calibration of a
slug-injection of a conservative tracer using a tem porally- and spatially-varying model.
7.2.1

Procedure for Measuring D, in Louisiana Streams
A Lagrangian transport method (LTM) of sampling was developed by Waldon, et al.

(1991) to quantify dispersion in the sluggish, tidally influenced bayous of southwestern
Louisiana typified by Bayou Queue de Tortue.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

140

In the LTM, a measured amount of Rhodamine WT dye (20% by volume as received
from the manufacturer, specific gravity 1.19) was discharged into a tributary approximately
0.3 river miles from the main channel o f BQdeT. The entire dye tracer cloud was sampled
at selected times using a Turner III flow-through fluorometer. A continuous record of the
dye curve was recorded with particular attention to the leading and trailing edges, as well as
the peak of the dye. Dye samples were taken at several points upstream and downstream
from the dye injection site using a hand sampler and an automatic sampler boat. Fluorometer
measurements were later converted, via a standard curve, to water column dye
concentrations.
Dye mass was calculated for each sampling interval to determine dye recovery rate.
A critical requirement in subsequent dispersion and reaeration calculations is that the dye be
conservative. The method of calculation are presented in Chapter 6 (equation 6.5).
During this particular low-flow intensive survey (October, 1990), four separate dye
curves were monitored and individual dispersion coefficients were determined for each. The
four were averaged to represent the hydraulic dispersion in the segment. One example of
stream dispersion measurement is presented in Figure 7.1, representing actual field data (from
Smythe, 1991). In this figure, the measured dye concentrations are superimposed upon a
modeled dye curve (using a second order algorithm).
The dispersion value quantified during the low-flow survey was input into EPA's
dynamic Water Quality Analysis Simulation Program (WASP ver 3.1) to simulate the
conservative dye.

Simulating the tracer dye movement with WASP, the longitudinal

dispersion, calculated previously, was then verified by superimposing the simulated dispersion
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Figure 7.1

Dispersion coefficient for interval A: BQdeT 10/16/90, peak
rmile=27.76 TOT=20.56 hours, Djm-B=0.032 mi2/day).

pattern onto an isopleth of measured concentrations versus time and river mile (RM). The
definitive dye dispersion simulation is presented in Figure 7.2. The curves indicate lines of
equal concentrations, ranging from a high of 7 ug/L down to 0.5 ug/L. Using a first order
decay coefficient of Kd=0.37 (day'1) to represent dye loss/disappearance rate and dispersion
coefficient of 1.61 (m2/sec) under measured flow conditions, the model was found to
adequately simulate dispersion.
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CHAPTER 8

STREAM DYNAMIC MODEL CALIBRATION
Revisiting the general and conservation equations for Bayou Queue de Tortue, most
of the processes needed to construct a calibrated dynamic model have been discussed.
A classic mass balance equation, or model, may be utilized to represent the processes
driving the biochemical oxygen demand (BOD) and the dissolved oxygen concentration in
streams. The general form of the equation is:

(1.1)

dt

The equation for BOD is :
= - V = ~kdL V -K iL V + L m

( 1-2 )

And the equation for dissolved oxygen is:

— V =

where: dC/dt
dL/dt
L

L,
Kd
K,
K2

(Cs-Ct)
F
B
R
P
A

- k4 L V -(F * B + R - P)A

change in DO concentration over time. g/m3/day,
change in BOD concentration over time, g/m3/day
BOD concentration, g/m3.
BOD loading from nonpoint sources, g/m3/dav.
BOD decay rate coefficient, day'1.
BOD settling rate coefficient, day1,
reaeration rate coefficient, day'1.
IX) deficit, g/m3.
sediment flux, g-O^nr/day.
benthic demand, g-Oj/m2/day.
algal respiration, g-Oj/m2/day.
algal production, g-CVm2/day.
bottom area, m2
143
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When dispersion is present the governing equations become partial differential equations
with the form:
dL
dt

at

ax

dL
dx

dx

(1.4)

ax

Where: D

the dispersion coefficient. m2/day.

Generally, K2, Kj and K, are represented as first order rate coefficients, while F, B,
R and P are considered zero order. Further, the sediment flux is described as resuspended
DOC, or as an areally distributed nonpoint source; benthic demand is generally modeled as
sediment oxygen demand (SOD); algal respiration (R), a DO sink, is generally omitted as
a measured or modeled parameter, and instead, photosynthetic production (P), a DO source,
is considered as the net value of the two. Rates of organic decay and loads for the various
constituents were detailed in Chapters 4 and S. Reaeration kinetics were developed in
Chapter 6 and dispersion of constituents was determined in Chapter 7.
The model used in the calibrated simulation of BQdeT was WASP version 5.0
(WASPS), an EPA-developed, dynamic model used to simulate stream responses from point
and nonpoint source inputs. WASP5 is a dynamic model that can be used to analyze a
variety of water quality problems in waterbodies, such as ponds and lakes, streams and
rivers, bays and estuaries.
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This section describes the basic water quality model used to simulate the transport
and transformation reactions of several state variables, including: carbonaceous biochemical
oxygen demand (CBOD), ammonia nitrogen (NH3), nitrate nitrogen (N 03), total nitrogen
(TN), organic nitrogen (ON), and dissolved oxygen (DO). The input dataset format consists
of 10 data groups, A-J, as presented in Table 8.1. A complexity level 3 (Table 3.4, page 39)
was assumed adequate to represent the necessary state variables to assess BMP
effectiveness.
In order to calibrate the mathematical model of BQdeT, existing data were utilized
and compared against model output. In the dynamic stream model for BQdeT, sets of timeseries datasets were developed from existing data for a "typical" year in the receiving
stream. The model development information included: I) US Geological Survey daily
streamflow data averaged from 1984 through 1992 (the period of record is 1940's through
present) 2) precipitation-effected runoff estimated using the Thomthwaite-Mather (1987)
water budget, 3) effluent pollutant concentrations received from ricefields (Feagley, etal.,
1991 and 1992) augmented with estimates of runoff to calculate loads based upon
traditional rice acre-inches of flood, and 4) estimates ofresuspended and settled material and
kinetic rates obtained from studies by Smythe (1991,1992) and Smythe and Waldon (1993
and 1994). Some surrogate relationships were also developed for CBOD/TOC/BOD, to
utilize available datasets not containing similarly reported constituents. Table 8.2 presents
a summary of the sources for calibration data. Model input data and coefficients used to
perform the calibration are presented in Table 8.3. The inputs will be discussed as they are
used in WASPS Data Groups.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

146

Table 8.1

WASPS Data Groups

Data Group

Description

A

Model identification and simulation
control

B

Exchange coefficients

C

Volumes

D

Flows

E

Boundary- concentrations

F

Waste loads

G

Environmental parameters

H

Chemical constants

I

Time functions

J

Initial concentrations/conditions

Table 8.2

Summary of the Sources for Initial Conditions Data

Component

Acency

Hydrology /
Hydraulics

LDEQ/USL
USGS

Water Quality-

LDEQ/USL
LSU
USGS

Kinetic Rates
DecayReaeration
Dispersion
Pollutant Loads
Precipitation-effected runoff
RiccfiekJ discharges
Resuspension

LDEQ/USL
LDEQ/USL
LDEQ/USL
LDEQ/USL
LDEQ/USL
LSU Agricultural Extension Service
LDEQ/USL
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Table 8.3 Calibration Input Dataset
DATA GROUP

MODEL INPUT
PARAMETER

VALUE

A: System Options
Sections 3.3.1.1 and 8.2.1

Number of segments
Number of systems
Timestep.
days
Print interval. days

1
5
0.05
0.5

B: Exchanges
Sections 3.3.1.2 and 8.2.2

A„Characteristic
length (1),
Dl,

m2

152890

m
m2/s

1.61

C: Volumes
Sections 3.3.1.3 and 8.2.3

Surface water,
Length,
Width,
Depth,

m3
m
m
m

222855.2
7467.45
23.99
1.24

D: Flows
Sections 3.3.1.4 and 8.2.4

Advective.

m3/s

Table 8.4

mg/L

variable

Chqpter 7, and Sections
8.2.1.4 and 8.2.2

E: Boundaries
Sections 3.3.1.5 and 8.2.5
F: Loads
Sections 3.3.1.6 and 8.2.6

G: Parameters
Sections 3.3.1.7 and 8.2.7

Headwater
Precipitation Runoff
Ricefield
Resuspension
kg/day

Tables 8.5 and 8.6
Tables 8.7 and 8.8
Tables 8.9 and 8.10
Table 8.11

Detailed and defined
TEMPSEG
TMPFN
SOD ID

Table 8.12
1.0
1.0
1.0

H: Constants
Sections 3.3.1.8 and 8.2.8
I: Time Functions
Sections 3.3.1.9 and 8.2.9
I: Initial Concentrations
Sections 3.3.1.10 and 8.2.10

Table 8.12
Temperature,

°C

Table 8.13

mg/L

Table 8.14
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historical records of stream flow and other water quality conditions. An initial, simplifying
assumption for calibration of BQdeT was the reduction in the number of elements in the
model used to represent BQdeT.
8.1

Simplifying Assumptions
The study segment is analogous to a "stretch" lake because: 1) the restrictions at

bridges (which occur every 2.5 miles or so) and the channelized structure of the river
(reducing the streambed gradient) have reduced the flowrate and velocity, 2) a downstream
control structure further restricts the flushing of pollutants, 3) dredging has increased depth
so that the bottom DO concentrations are negligible, and biodegradation of settled materials
proceeds relatively slowly, and 4) germane to the fine-grained nature of the settled material,
resuspension is a major source of the DO consumption resulting from even a minor
perturbation. Thus, an obvious assumption of a number of elements is to simulate the
segment as a lake, with one water column flow element, as illustrated simplistically in Figure
8 . 1.

8.2

Data Groups Describing the Calibration of BQdeT

8.2.1 DATA GROUP A: Model Identification and Simulation Control
Basic simulation information is provided in Data Group A, consisting of titles and
descriptions, number of systems (state variables), segments, calculational timesteps and print
intervals, and system bypass options.
8.2.1.1

System Options

In the calibrated simulation of BQdeT the instream pollutant concentrations were
calculated by a timestep 0.05 days, and printed twice daily for a run-time period o f one year.
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Figure 8.1

8.2.1.2

Simplistic representation of BQdeT and WASPS modeling
compartments
Segment Structure

In this dynamic (time- and spatially-varying) simulation of the Bayou, a single control
volume was used to define the study segment of 4.64 river miles (RM 30.64 to LA Hwy 13,
RM 26) numbered upstream to downstream. In the input datafile, elements 0—>1 represent
flow from the headwater (control volume=0) into the simulation element (control volume= 1),
and l—>0 represents the outflow (from the simulated segment).
8.2.1.3

Integration Timestep, dt

From Chapter 3, the maximum timestep that can be utilized in the simulation was d t ^
=0.45 days. The actual timestep used remained constant at 0.05 days throughout the 365 day
simulation.
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8.2.1.4

Numerical Dispersion, D

_

Due to the simplifying assumption of a single simulation element, D ,„mr,i ,, = 0.
8.2.2 DATA GROUP B: Exchange Coefficients
Exchange coefficients for surface water were computed from input dispersion coefficients,
cross-sectional areas and characteristic lengths.
8.2.2.1

Stream Dispersion, DLtfnaM

The effective total dispersion (D ^

is the sum of the measured or calibrated stream

dispersion (DLtlre„ ) and the numerical dispersion (D _ _ .V Since the value for D

=

0, the value used in the input dataset was simplified to DLilTr-I1 The DLslraro was found to be
1.61 m2/sec in the modeling effort. The method of determining stream dispersion has been
detailed in Chapter 7.
8.2.2.2

Stream Geometry

Stream geometry along with time-of-travel data assists in obtaining the most accurate
values of cross-sectional area. This measurement is critical to calculating the mass of a
constituent at any time or place in the simulation. Stream cross-section measurements utilized
in this, and subsequent studies of BQdeT, were documented by Pilione (1993).

Her

determination o f stream geometry for this Bayou related the time-of-travel data with
tapedown, gauge, and flow measurements between two bridges (LA Highways 13 and 91).
Tapedown measurements made during the 1992 intensive studies were related to gauge
heights (a measure of the water surface above a reference point) from the U.S. Geological
Survey (USGS) gauge on BQdeT at the LA Highway 91 bridge. Water level (tapedown)
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changes then were used to adjust stream geometry throughout the study reach. Relevant
equations developed by Pilione (1993) and used in this simulation are:

AREA = 3040.79-40.01 *R M - 102.56* Tapedown (F= 101,4r=81,r2=0.71)

(8.1)

WIDTH = 244.78-3.032*AW-5.035* Tapedonm (F= 12.01,<$T=81,r2=0.23)

(8.2)

where: AREA
RM
Tapedown
WIDTH

Cross-sectional area, ft2
Site location, mi
Tapedown, in
mean stream width at specific RMile. ft

8 2 3 DATA GROUP C Volumes
Water column volumes vary with cross-sectional area and measured/estimated depths
in the reach. This data was calculated for each dye peak from Pilione's (1993) algorithms.
Sediment bed volumes remained constant in this simulation, and no transfers (sediment
transport, bed compaction, resuspension, and scour) between the bed and water column were
allowed.
8.2 4 DATA GROUP D: Flows
Data Group D provides for the advective transport flows that are used in the model
(as presented in Table 8.3). Only advective water column flow fields (type 1) were used in
the BQdeT calibrated simulation. Advective flows were input as piecewise linear time
functions acquired from the U.S. Geological Survey at the LA Highway 91 (downstream
RM 16) monitoring station, averaged over the period (1969 through 1992), and summarized
in Table 8.4.
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8.2.5

DATA GROUP E: Boundary Concentrations
Data Group E supplies concentrations for each system at the model segment

boundaries. In the calibration, the boundary conditions were set to zero.
Table 8.4

Summary of the Group D (Flow)
Advective Input Dataset (averaged
from U.S. Geological Survey 1969>1992)

days

Flow,
ftVaec

Flow,
artsec

0
31
59
91
121
152
181
212
243
273
304
334
365

516.02
723.05
716.75
331.02
166.64
160.60
276.69
685.50
154.26
154.65
177.73
374.94
516.02

14.60
20.46
20.28
9.37
4.72
4.54
7.83
19.40
4.37
4.38
5.03
10.61
14.60

I Time’

8.2.6

DATA GROUP F: Waste Loads
Data Group F consists of two types of data. Data type FI contains point source

loads, F2 contains nonpoint loads. Nonpoint loads were input as point source. In this
application, it is of no consequence since there is only one segment representing the stream
reach. Thus, all loads go into the same element, anyway.
Water quality constituent loads in the Bayou were modeled as originating from four
sources: 1) initial water quality from the headwater, 2) precipitation-effected NPS runoff
loads, 3) NPS ricefield discharges, and 4) an areally distributed source (sediment flux, or
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resuspension) attributed to the release of dissolved organic carbon (DOC) from anaerobic
decomposition of particulate organic bottom sediments (Taylor, et al., 1993).
8.2.6.1

Headwater Loading

Loads attributed from the headwaters into the calibrated reach were calculated from
the U.S. Geological Survey flows (Table 8.4, period of record 1969-1992) and the monthly
constituent water quality averaged from the LDEQ WQM station (Table 8.5, period of
record 1978-1993). Table 8.6 presents the headwater (ambient) constituent concentrations.
These values were used in both the initial concentrations and as the observed values to which
the calibration curves were matched.
8.2.6.2

Precipitation-Effected Runoff* Loads

The Thomthwaithe-Mather Water Budget model (1987) was applied to estimate the
runoff from the study area. Concentrations were then estimated using various assumptions
and verified during calibration. The flows and concentrations are summarized in Tables 8.7
and 8.8, respectively.
8.2.6.3

Ricefield Loads

The pollutant loads contributed by the ricefield discharges into the receiving stream
were from “mudded-in” fields, the traditional planting method used in southwestern
Louisiana.

Loads for the traditional mudding-in discharge water were calculated from

Louisiana. Loads for the traditional mudding-in discharge water were calculated from
estimated runoff flows obtained using the assumption of 4.5 acre-inches of flood on the
ricefields prior to all drains (Feagley, et al., 1991 and 1992; and Bollich, et al., 1993). The
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Table 8.5

ffl
1

Summary of the Group FI Input Dataset
(Headwater Flows)
Mumth

Time,
days
0
31
59
91
121
152
181
212
243
273
304
334
365

Table 8.6

|

Jan
Feb
Mar
Apr
May
Jun
Jul
Aug
Sep
Oct
Nov
Dec

Fkm,
re/acc

Flow,
nrVaec

1
1

516.02
723.05
716.75
331.02
166.64
160.60
276.69
685.50
154.26
154.65
177.73
374.94
516.02

20.46
20.28
9.37
4.72
4.54
7.83
19.40
4.37
4.38
5.03
10.61
14.60

I
1
fl
1
1
1
|

Summary of the Upstream Water Quality in BQdeT
(LDEQ WQM 1978-1992)

Month

TOC,
«n*/L

CBOD„
m*/L

TKN,
ma/L

NH„
ina/L

NOj/NO j,
ma/L

DO,
n»a/L

Jan

11.66

8.75

1.64

0.23

0.25

5.84

Feb

12.96

9.72

2.27

0.23

0.31

5.68

Mar

17.23

12.9

2.14

0.4

0.41

3.21

Apr

20.38

15.3

4.36

0.4

0.59

2.84

|

May

14.52

10. 9

2.37

0.35

0.48

1.92

|

Jun

11.75

8.81

1.86

0.18

0.21

2.34

|

Jul

8.88

6.62

1.37

0.18

0.22

1.43

Aug

8.35

6.26

1.29

0.12

0.09

1.66

Sep

9.86

7.40

1.15

0.25

0.05

1.45

Oct

10.68

8.01

1.26

0.11

0.07

2.08

Nov

11.58

8.69

1.44

0.11

0.13

2.62

Dec

13.4

10.1

1.47

0.2

0.24

3.68
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Table 8.7

Summary o f the Group F l Input Dataset
(Flows for Precipitation-Effected Loads)
Month

1

I

days
0
31
59
91
121
152
181
212
243
273
304
334
365

Table 8.8

Jan
Feb
Mar
Apr
May
Jun
Jul
Aug
Sep
Oct
Nov
Dec

Flow,
frViec

Flow,
■Vsec

407.4
667.65
540.4
374.3
250.6
241.4
276.7
685.5
153.4
123.7
177.8
277.8
407.2

11.52
18.89
15.29
10.59
7.09
6.83
7.83
19.40
4.34
3.50
5.03
7.86
11.52

Summary of Water Quality Constituents in Precipitation-Effected
Runoff in BQdeT

Month

TOC,
mg/L

CBOD„*
ntc/L

TKN,
ms/L

NH„
m g/L

NOj/NO„
mg/L

DO,
m g/L

Jan

11.66

8.75

0.55

0.12

0.08

5.84

Feb

12.96

9.72

0.55

0.12

0.08

5.68

Mar

17.23

12.9

0.55

0.20

0.08

3.21

Apr

20.38

15.3

0.55

0.20

0.08

2.84

May

14.52

10. 9

0.55

0.18

0.08

1.92

Jun

11.75

8.81

0.62

0.09

0.07

2.34

Jul

8.88

6.62

0.46

0.09

0.07

1.43

Aug

8.35

6.26

0.43

0.06

0.03

1.66

Sep

9.86

7.40

0.38

0.13

0.02

1.45

Oct

10.68

8.01

0.42

0.06

0.02

2.08

No.-

11.58

8.69

0.48

0.06

0.04

2.62

Dec

13.40

10.1

0.49

0.10

0.08

3.68

equation 5.1
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flows and concentrations used for the calculation of this loading source are presented in
Tables 8.9 and 8.10, respectively.
8.2.6.4

Resuspended Loads

In this section, the TOC fluxes measured in various intensive studies were compared
to the CBOD loads determined during the LIMNOSS calibrations for high-flow and low-flow
scenarios. In this manner, the loads were linearly regressed with stream flow to determine
monthly loading during the annual cycle.
Resuspension loads were estimated from LIMNOSS steady-state water quality models
calibrated for the Bayou using data from two intensive surveys: 1) critical low-flow (October,
Smythe, 1991) and 2) critical high-flow corresponding to the rice discharges (March/April,
Smythe and Waldon, 1993). Since approximately half of the stream flow was estimated to
result at Highway 13, relative to the Highway 91 measurements, the average monthly LDEQWQN values and O.S^USGSg^. were used to calculate loads during these model runs. These
two events were adjusted to match the loads for which LIMNOSS resupension loads are
available. Table 8.11 summarizes the BOD and nitrogenous composition and associated flow.
8.2.7 DATA GROUP G: Parameters
Parameters are spatially variable in a water body. They will vary depending upon the
structure and kinetics of the specific waterbody. The number of parameters that is specified
in Data Group A must be input for each segment. In the eutrophication model of complexity
levels 1 or 2, only temperature and SOD are necessary. The temperature correction factor
was set to 20° C, the water temperature at the time of the survey.
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Table 8.9

Time,
days
0
31
59
91
121
152
181
212
243
273
304
334
365

Table 8.10

Summary of the Group F l Input Dataset
(Flows for M udding-ln Loads)
Month

Jan
Feb
Mar
Apr
May
Jun
Jul
Aug
Sep
Oct
Nov
Dec

Flow,
fP/sec

Flow,
nrVaec

0
0
115.9
166.1
77.8
0
0
77.8
77.8
0
25.45
25.45
0

0
0
3.28
4.70
2.20
0
0
2.20
2.20
0
0.72
0.72
0

Summary of the WaterQuality Constituents in Rice MP "Mudding-ln"

Month

TOC,
mg/L

CBOD„
mg/L

TKN,
mg/L

NHj,
mg/L

NOj/NO,,
mg/L

DO,
mg/L

Jan

11

8.25

1.5

0.25

0.3

6

Feb

11

8.25

1.5

0.25

0.3

6

Mar

16

12.0

3.5

0.25

0.5

Apr

16

12.0

3.5

0.1

0.5

6
6

1
I

Mav

10

7.50

1.1

0.1

0.3

6

1

Jun

10

7.50

1.1

0.1

0.3

5

I

Jul

16

12.0

1.1

0.1

0.3

3

1

Aug

16

12.0

1

0.1

0.05

1

Sep

16

12.0

1

0.1

0.05

3
3

Oct

16

12.0

1

0.1

0.05

4

Nov

16

12.0

1.5

0.25

0.3

4

Dec

16

12.0

1.5

0.25

0.3

5
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Table 8.11

Time,
days
0
31
59
91
121
152
181
212
243
273
304
334
* 5

8.2.8

Summary of BOD Components Due to Resuspension Loads
(Year 1, Calibration)
Moath

Jaa
Feb
Mar
Apr
May
Jaa
Jul
Au*
Sep
Oct
Nov
Dec

Flow
mVsec

CBOD„
«*/1

ON,
mg/L

7.30
10.23
10.14
4.68
2.36
2.27
3.92
9.70
2.18
2.19
2.51
5.31
7.30

5.36
4.66
5.18
6.89
8.15
5.81
4.70
3.55
3.34
3.94
4.27
4.63
5.36

0.64
0.70
1.02
0.87
1.98
1.01
0.84
0.59
0.58
0.45
0.57
0.66
0.64

I

DATA GROUP H: Constants
Constants are variable in a water body depending upon the structure and kinetics.

There are 42 constants available for a fiill eutrophication simulation. Constants describing
the rates of nitrification, denitrification, deoxygenation and bed deoxygenation, reaeration,
mineralization of organic nitrogen were used (Table 8.3).
8.2.9 DATA GROUP I: Kinetic Time Functions
There are 22 time functions available for eutrophication. For complexity level 3, only
temperature is required. The time-varying temperature was input as the average monthly
ambient water temperature measured by the LDEQ at the WQM station at the LA Highway
91 bridge 1978-1992). The temperatures were input in piecewise linear format and are
presented in Table 8.13.
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Table 8.12
State
Variable
NH3

NOj

List of the Group H Input Dataset (Constants)
Description and units

K1320C

(11)

0.3

I

1 -Temperature coefficient for (12)

K1320T

(12)

1.12

|

1 -Half saturation constant for
I nitrification-oxvgen limitation. mg-Oi/L

KNIT

(13)

20

1

1

-Denitrification rate at 20°C, day'1

K140C (21)

0.05

-Temperature coefficient for (22)

K140T (22)

1.12

KN03

(23)

0.50

KDC

(71)

0.35

KDT

(72)

1.05

bed deoxygenatioa
-Decompostiion rate of carbonaceous
deoxygenation in the sediment. mg-OVL

KDSC (73)

2.0

-Temperature coefficient for carbonaceous
deoxy genation in sediment

KDST (74)

1.08

-Half saturation constant for deoxygenationoxygen limitation, mg-O/L

KBOD (75)

0.40

Reaeration rate constant at 20°C for the entire
water body, day'1

K2

1.00

mineralization
-Mineralization rate of dissolved organic
nitrogen, day1

K1013C

(91)

0.07

-Temperature coefficient for (91)

K1013T

(92)

1.12

bed decomposition
-Decomposition rate constant for organic
nitrogen in the sediment at 20°C, day'1

KONDC

(93)

0.05

KONDT

(94)

1.12

I deoxygenation
I -BOD deoxygenation rate at 20°C. day1
I -Temperature coefficient for carbonaceous
deoxygenation in water column

DO

ON

Value

I -Nitrification rate at 20°C, day'1

-Half saturation constant for denitrification1 oxygen limitation. mg-Oj/L
CBOD

Constant Number and
Name

-Temperature coefficient for decomposition of
ON in the sediment

(82)
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Table 8.13

Time,
days
0
31
59
91
121
152
181
212
243
273
304
334
365

Summary of the Group I Input Dataset
(Time Functions) (from LDEQ WQM 1978-1992)
Month

Jan
Feb
Mar
Apr
May
Jun
Jul
Aug
Sep
Oct
Nov
Dec

Temperature,
•c
13.7
10.9
11.7
16.6
19.3
23.7
26.3
27.6
27.5
26.7
22.5
18.5
13.7

8.2.10 DATA GROUP J: Initial Concentrations
The initial concentrations are the segment concentrations for the state variables at time
zero (or simulation start). In the BQdeT calibration initial concentrations were set to the
LDEQ measured values (averaged from 1978 through 1992). LDEQ maintains an ambient
water quality database of monthly sampled stations representing 29 parameters.

The

boundary concentrations for the parameters used to calculate the modeled state variables are
presented in Table 8.14. Over the simulation period of one year, the initial concentrations
were relatively inconsequential with respect to the model outputs.
8.3

Model Calibration Results
Figures 8.2 through 8.8 superimpose the calibration results ofCBOD„, NH3, N 0 3, TN,

ON, and DO, respectively, with actual observations, and are plotted through an annual cycle.
The simulated values fit extremely well.
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Table 8.14

Summary of the Group J Input Dataset
(Initial Concentrations)

State Variable

Coaccatratioa,
■g/L

NH,

0.2

NO,

0.24

PO,

0.6

PHYT

0.01

CBOD

5.0

DO

3.68

ON

1.27

OP

0.4

LINE—SIM U L A T IO N
B A R S=O B SE R V A T IO N S

4#

■n

T IM E

day*
D A V • IN D IC A T E S #1 J A N O F A T Y M C A I . W A T E R
Q I J A IJ T V Y E A R

Figure 8.2

Simulated versus observed CBOD for an annual cycle in BQdeT
(calibration)
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U N X -S lM liU T I O N
R A R S -O B S r.R V A T IO W S

4

J

1‘

•

IN

T IM E

2N

3M

4N

days
D A V « I N D I C A T E Q l J A N O * A T V M C A I. W A T » K Q U A L IT Y
\ L A Jt

Figure 8.3

Simulated versus observed ON for an annual cycle in BQdeT
(calibration)

L I N O S IM U L A T I O N

I 4J

0

IN

T IM E

d t ) 't
D A Y • IN D IC A T E S • ! J A N O F A T Y P IC A L W A T E R
Q U A L IT Y Y E A R

Figure 8.4

Simulated versus observed N 03 for an annual cycle in BQdeT
(calibration)
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L IN E -S IM U U T IO N *
B A R S —O B S E R V A T I O N S

0.42

0.22

0.14
0.10

0

T IM E

200

da>*i

J00

D A V 0 IN D IC A T E S 01 JA N OK A T Y P IC A L H A T E R
Q U A L IT Y Y E A R

Figure 8.5

Simulated versus observed NHj for an annual cycle in BQdeT
(calibration)

LIN K ED M U L A TIO N
B A R S—O B S E R V A T IO N S

T
N
am

t

I

/

100

T IM E

doyi

200

D A Y 0 IN D IC A T E S 01 JA N O F A T Y P I C A L W A T E R
Q U A L IT Y Y E A R

Figure 8.6

Simulated versus observed TN for an annual cycle in BQdeT
(calibration)

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

164

l in k ^ i m u u t i o k
B A IS -O K S E R V A T I O K S

D

0
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t

1

/

--T IM E
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days
D A Y • IN D IC A T E S I I J A N O F A T Y P I C A L W A T E R
O L A M T V Y EA R

Figure 8.7

Simulated versus observed DO for an annual cycle in BQdeT
(calibration)
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CHAPTER 9

ASSESSMENT OF RICE BMPS ON BQDET WATER QUALITY
A water quality model was calibrated for Bayou Queue de Tortue near Crowley,
Louisiana (Chapter 8), utilizing the water quality and hydrologic data acquired during the
many intensive surveys reported in Chapters 4, 5, 6 and 7). Loads for CBOD and nitrogen
species nutrients were quantified for a typical discharge from a “mudded-in” ricefield (Chapter
5) and the corresponding water column constituents were calibrated to an annual cycle.
A preprocessor was developed to interface the water budget and field runoff data
with the dynamic stream model. This file merger can be extremely tedious using WASPS,
matching flows and loads from four, potential, time-variant input sources (upstream, rice
discharge pulses, and precipitation runoff and sediment fluxes). Applying the preprocessor,
LA-WASP and utilizing the databases created and presented in Chapters 4 and 5, the effect
on any number of water quality parameters in BQdeT over any period of time can be seen.
The objective of this study was to test the management practices of rice planting under
various loading scenarios for impact on the receiving stream.
9.1

Application of LA-WASP
LA-WASP was developed and utilized to build the input datasets for complex loading

scenarios in order to calculate the stream response to discharges from five rice planting
practices (BMPs). Using the calibration hydraulics with the water quality for each rice BMP
(characterized in Chapter 6), as well as a “no-load” scenario, water column DO was noted.
Figures 9.1 and 9.2 summarize the preprocessor file architecture and glossary.

165
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B M P -R T l. DEF \

|

BMP FA C TS. KBS
V F -E x p ert

|

B M P-R T 7. DBF /
BMPFACTS

USER INPUT

BM P-CALC. KBS
V P -E x p ert

•>LOADOU'

LOADCALC. 3AS
0

BaSXC

LOAD. WKS

* . CMT

. INC

XPNDWASP.BAT
3 a t ch

>|

INC.EXE
| T P a sca l

. IN ?

E U T R 05.E X E
FORTRAN

|

.OUT

. TRN

W5DSPLY

. TBL

Figure 9.1

Consultation flowchart
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BMP-RT1.DBF
BMP-RT2.DBF
BMP-RT3.DBF
BMP-RT4.DBF
BMP-RT5.DBF

Concentration and discharge database file for the no-till BMP.
Concentration and discharge database file for the clear water planting BMP.
Concentration and discharge database file for the 30-day holding BMP.
Concentration and discharge database file for the mudding-in BMP.
Concentration and discharge database file for the mudding-in with vegetative filter
strip BMP.
Concentration and discharge database file for precipitation and runoff.
Concentration and discharge database file for resuspension.
EUTR05 commented input master file.
EUTROS input file.
EUTR05 execute file.
Include files for incorporation into *.CMT master.

BMP-RT6.DBF
BMP-RT7.DBF
CALIBCMT
CALIB.INP
EUTR05.EXE
FI CBOD.D20
F1DO.D20
F1NH3.D20
F1NO3.D20
F1ON.D20
INC.EXE
XPNDWASP.BAT
W5DSPLY.TXT
W5DSPLY.EXE
LOAD.WKS

LOADCALC.
LOADCALC.BAS
LOADCALC.EXE
LOADOUT.

BMP-CALC.KBS

BMPFACTS.
BMPFACTS.KBS
INC

Figure 9.2

Program which performs expansion of master and include files, INCLUDE
program execute file.
Batch program which expands a CMT file and its related include files into a
EUTR05 INP input file
Description of usage for W5DSPLY.EXE
Execute file for the WASPS Display program.
Lotus spreadsheet containing the loads calculated during the consultation in BMPCALC. Useful in examining the load resulting from decisions made during
consultation.
Fact file output to VP-Expert BMP-CALC program, this file is written bj
LOADCALC.BAS program and contains the calculated loadings.
Program which calculates loads, this file contains the BASIC language source
statements.
Execute file for LOADCALC, compiled using MS Quick BASIC.
Fact file written by VP-Expert BMP-CALC program prior to calling the
LOADCALC.BAS execute program. This file is read as input to
LOADCALC.EXE by sub programs.
VP-Expert program which reads info-base from BMPFACTS file, asks for
percentages of BMPs, calculates loadings, and outputs results to include files and
spreadsheet. Also can provide expert advice to assist decision maker.
VP-Expert info-base of information read from various .DBF information files.
VP-Expert program which reads .DBF information files on volumetric discharges
and concentrations, and outputs the BMPFACTS info-base file.
Files output by LOADCAL, filenames contain a 3 character project ID, constituent
identifier, followed by the .INC extension. Files are to be included into project
master (.CMT) files.

File Usage
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9.2

Assessment of BMPs on BQdeT Water Quality

9.2.1

Stream Ambient/Baseline Conditions Study
The calibration results were based upon "typical" mudded-in rice planting practices.

During the projection scenarios, parameters from the calibrated model remained unchanged
except for the ricefield loadings. The various BMP scenarios were substituted for “mudding
in”. The rice discharges were quantified using a land-use estimate of acreage planted for the
time frame of 1988-1992, and assuming 4.S acre-inches o f discharge ( Feagley, et at., 1991
and 1992); Bollich, etal. (1993).
9.2.2

BMP Characterizations Study
The four ricefield BMP water quality and discharges were characterized using data

from various studies (Chapter 5). Due to the unparallel nature of water quality constituent
data in the various databases utilized, surrogates had to be used (Chapter 4).
9.2.3

Determine Impacts of BMP Implementation
LA-WASP was used to build input datasets for WASP5-EUTR05 in order to simulate

stream response scenarios based upon BMP discharge characterizations/loads. The sequential
running of various BMP loading scenarios through LA-WASP can provide assessments in
both graphical and tabular formats.
An application of LA-WASP presenting the annual DO in BQdeT for the "best" and
"Worst" MPs, zero discharge and mudding-in, respectively, is presented in Figure 9.3. As
seen in this figure, DO is impacted positively by reducing the amount of pollutants discharged
into BQdeT through BMP implementation. This is the greatest impact that can be exhibited
through BMP implementation. However, the effect is only seen during the pre-plant
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Predicted DO in BQdeT for three loading scenarios

discharge period (March, April, and May) and is still inadequate to bring the stream up to a
DO standard of 5.0 mg/L for most of the year.
Figure 9.3 is only one application of LA-WASP. It graphically describes the annual
DO profiles for the "best" and "worst" BMPs (zero agricultural discharge and mudding-in,
respectively). In order to assess the impact of the rice discharges, a no-load scenario was
conducted. In this “best case” simulation, the ricefield discharge was removed as an input.
There is very little change in DO from the “worst” case of 100% mudding in, indicating that
resuspension, which is nothing more than the accumulation of past discharges blanketing the
benthos, dwarfs the original discharge in stream impact. It can be seen that even for the case
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of no rice discharges, the stream minimum DO falls to 1.4 mg/L for a short period of time in
the summer. This illustrates the dominant effect of the resuspension of accumulated organic
material from the stream bottom during runoff events (whether precipitation-effected or
agricultural).
9.2.4 Determine Impacts ofBMP Implementation with Subsequent Resuspension and SOD
Reductions
It is estimated that the sediment blanket in BQdeT may be currently as deep as two
feet, which must be either scoured, compacted or biodegraded (whether anaerobically, or
through resuspension) before the stream will benefit from any removal or reduction of
discharge loads. Thus, the effects of the rice discharges appear to have a “now-and-then”
effect on stream water quality. The immediate “now” impact was to quickly deoxygenate the
water column at times corresponding to the rice discharges due to the high concentrations of
CBOD and NBOD material in the discharge. High deoxygenation was even indicated in the
“ no-load”

scenario,

effecting

the

“th en”

through

the

proposed

deposition/decomposition/resuspension scenario. Thus, although the CBOD, and CBOD*,
concentrations for a single discharger appear relatively benign (Chapter 5, Table 5.3), the
impact from historical, cumulative settIed/resuspended organic components continues to
insidiously devastate this body of water.
It became necessary to project the impacts of pollutant reductions in the BMP
discharges on receiving stream water quality over a period of time. First, the mudding-in
planting practice was reduced by a reasonable amount due to implementation of the four other
BMPs. It is reasonable to expect that the impact from adopting these BMPs will have some
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impact upon discharge, but the largest expected impact will be in reduced resuspension and
lower SOD in the bayou.
Figure 9.4 summarizes the analyses of several more projection scenarios:
9.2.4.1

Year 1 (no reduction in resuspension or SOD in the first year)
with an 80% mudding-in contribution and 5% of each of the
other four BMPs

In this scenario, the instream DO concentration remains below the state DO standard
of 5.0 mg/L for the entire annual cycle. Thus, minimally reducing this most deleterious
planting practice is inadequate to achieve the DO goal.
9.2.4.2

Estimated year 2, with an 80% mudding-in contribution and
15% reduction in resuspension

By the next year following minimal BMP implementation, we might expect to
experience some clearing of the bottom due to less loading (causing the immediate DO sag)
and less settling (presumably reducing the bottom blanket depth). There is a definite
improvement in DO during the cooler months of the year, but little improvement during the
summer. This scenario is also inadequate to reach the state DO standard for most of the year.
9.2.4.3

Estimated year 5, with an 80% mudding-in contribution and
50% reduction in resuspension

By this time window, with continued minor implementation of BMPs (5% each,
totaling 20%) other than MI (80%) it is expected that a large amount o f the bottom material
will have been assimilated by the stream. However, even with an estimated 50% reduction
in nonpoint resuspended material1, the DO standard is not met for the majority of the year.

l

The LADEQ TMDL development group, estimates this 50% reduction to be the maximum
practically attainable.
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9.2.4.4

Minimum DO for BQdeT for various BMP scenarios with nonpoint
and SOD reductions.

Estimated year 5, with an 80% mudding-in contribution and
50% reductions in resuspension and SOD

It is reasonable to assume when reducing influent pollutants as well as the bottom
sludge blanket, the sediment oxygen demand will be less. When this assumption is applied,
the largest improvement in water quality is observed. However, in order to meet the state DO
standard of S.O mg/L for all months of the year, the reductions must be substantial,
continuous implementation (by at least 20%) of BMPs other than mudding -in, a 50%
reduction in resuspended nonpoint source constituents, as well as a 50% reduction in SOD.
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Dynamic water quality mathematical models are essential for determining spatial and
temporal water column impacts of pollutant discharges. Unfortunately these models require
large calibration datasets to achieve credible projections of water column responses. The LAWASP was found to be an excellent tool in building input datasets for the data intensive
WASP5 dynamic water quality model in order to assist in evaluating the effectiveness ofBMP
implementation.
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CHAPTER 10

SUMMARY, CONCLUSIONS AND RECOMMENDATIONS
An WASPS dynamic water quality model was calibrated for Bayou Queue de Tortue
near Crowley, Louisiana, utilizing the water quality and hydrologic data acquired during the
many intensive surveys reported in Chapter 5 (Table 5.2). Loads for CBOD and nitrogen
species nutrients were quantified for a typical discharge from a “mudded-in” ricefield (Chapter
5) and the corresponding water column constituents were calibrated to an annual cycle.
LA-WASP (A preprocessor built around WASP5) was developed and utilized to
calculate the stream response to discharges from five rice planting practices (BMPs). Using
the calibration hydraulics with the water quality for each BMP (characterized in Chapter 6 ),
as well as a “no-load” scenario, water column DO was noted.
Dynamic water quality mathematical models are essential for determining spatial and
temporal water column impacts of pollutant discharges. Unfortunately these models require
large calibration datasets to achieve credible projections of water column responses. LAWASP was found to be an excellent tool in building input datasets for the data intensive
WASPS dynamic water quality model in order to assist in evaluating the effectiveness ofBMP
implementation.
10.1

Summary of Study Results

10.1.1 Stream Ambient/Baseline Conditions Study
The stream hydraulic profile was determined utilizing discharges from: 1 ) USGS flow
data and 2) the Thornthwaite-Mather water budget (using data from the LA State
Climatology Office) to calculate precipitation-effected runoff.
174
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The instream water quality characterization databases were constructed from:
1) LDEQ water quality monitoring station data (1978-1992) for average instream constituent
concentrations, 2) LDEQ/USL-CLIWS Engineering Group intensive survey data to
characterize BQdeTs water quality, kinetic coefficients, and hydrology under critical low flow
and high flow conditions and 3) LSU/USGS special studies water quality data.
The hydraulic calibration effort was the most difficult and critical part of the entire
study. A Lagrangian transport method of dye sampling was developed to characterize the dye
advective transport and dispersion in the “stretch lake”.
The calibration results were based upon "typical" mudded-in rice planting practices.
Discharges occurred seasonally, with "typical” flows and concentrations of specific
constituents (Detailed in Chapter 8 ). The rice discharge flows were quantified using a landuse estimate of acreage planted for the time frame of 1988-1992, and assuming 4.5 acreinches of discharge.
10.1.2 BMP Characterizations Study
The four ricefield BMP water quality and discharges were characterized using data
from various studies (Chapter 5). Due to the unparallel nature of water quality constituent
data in the various databases utilized, TOC was developed as a surrogate for ultimate CBOD.
10.1.3 Determine Impacts ofBMP Implementation
LA-WASP was used to build input datasets for WASP5-EUTR05 in order to simulate
stream response scenarios based upon BMP discharge characterizations/loads. The sequential
running of various BMP loading scenarios through LA-WASP can provide assessments in
both graphical and tabular formats.
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An example application of LA-WASP was presented to illustrate the annual DO
profiles for the "best" and "worst" BMPs (0% agricultural discharge and 100% mudding-in,
respectively). It was shown that even for the case of no rice discharges, the stream minimum
DO falls to 1.4 mg/L for a short period of time in the summer. This illustrates the dominant
effect of the resuspension of accumulated organic material from the stream bottom during
runoff events.
The effects of the rice discharges appear to have a “now-and-then” effect on stream
water quality. The immediate “now” impact was to quickly deoxygenate the water column
at times corresponding to the rice discharges due to the high concentrations of CBOD and
NBOD material in the discharge. High deoxygenation was even indicated in the “no-load”
scenario, effecting the “then” through the proposed deposition/decomposition/resuspension
scenario. Thus, although the CBOD, and CBODMconcentrations for a single discharger
appear relatively benign, the impact from historical, cumulative settled/resuspended organic
components continue to insidiously devastate this body of water.
10.2

Conclusions from Study Results
The following conclusions can be made with regard to the research conducted on the

stream ambient/baseline conditions and are listed as they pertain to the stated objectives.
10.2.1 Calibrate the Dynamic Water Quality Model. WASP, to the Observed Stream
Hydraulics Using the Results of a Conservative Dve Tracer
1)

The Lagrangian transport method of dye sampling developed by the sampling

agencies adequately characterized the advective transport and dispersion of components in
the “stretch lake”.
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10.2.2 Calibrate the Water Quality Model of BQdeT. With Respect to Specific Constituents
and Decay Coefficients. Utilizing Existing Data
2)

Using a one dimensional model, LIMNOSS, for the preliminary estimates of kinetic

coefficients was invaluable. Resuspension loads were estimated from LIMNOSS steady-state
water quality models calibrated for the Bayou using data from two intensive surveys: 1)
critical low-flow (October, Smythe, 1991) and 2) critical high-flow corresponding to the rice
discharges (March/April, Smythe and Waldon, 1993). These two events were adjusted to
match the loads for which resupension loads are available from the LIMNOSS outputs. Table
8 . 1 1

summarizes the BOD and nitrogenous composition and associated flow. Additionally,

the use of LIMNOSS for the high and low-flow steady-state models allowed corroboration
of decay and reaeration rates with values measured during the respective surveys.
3)

The Thomthwaite-Mather water budget model may be successfully used to calculate

precipitation-effected runoff even for an extended time frame such as an annual cycle.
10.2.3 Quantify the Impacts of Deoxvgenating Constituents Contributed From a Ricefield
Discharge Typifying a "Mudded-in" Planting Practice
4)

The data characterizing the rice BMPs, including those o f “mudding-in,” were highly

variable. Statistical means for the different BMPs did not differ significantly. Thus, future
studies analyzing water quality samples of ricefield discharges (or other agricultural water
containing recalcitrant constituents) should include analyses of suppressed BOD^ and
unsuppressed BOD

as well as TOC analyses. This will allow data to be more universally

comparable/integratable and may allow better characterizations of the constituents of the
various BMPs.
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5)

Despite the preliminary nature of the BMP data, it was gratifying to see that the

dynamic calibration of the bayou under annual loading conditions was successful (Chapter 8 )
and allowed for projection scenarios to be run.
10.2.4 Characterize the Discharge Water Quality of the Rice Best Manapement Practices
/BMPs') With Respect to Deoxygenation Potential. Utilizing Existing Data
6

)

In general, the measurements of ultimate deoxygenation potential for all discharges

(and MPs) were extremely high. Post-plant CBOD„, COD, and TOC (carbon-based) ranging
from 24 to 55.3, 30 to 530, and 10.7 to 155 mg/L, respectively. Pre-harvest COD and TOC
concentrations ranges 51 -69, and 11.5 to 33 mg/L, respectively (Chapter 5, Table 5.2).
7)

BOD, values for the discharges were misleading, in that, while high relative to surface

waters (expected 2 - 3 mg/L), they appeared low relative to secondary sewage discharge
BOD, of 30 mg/L. Upon closer inspection, the deoxygenation potential of the agricultural
discharges occurred later than five days, reaching 75% completion in the first 20 days (rather
than in the first five days as sewage does).
8

)

The anomalously large NBOD composition, faster decay rates, and lack o f lag time,

relative to CBOD, for three of the five discharges were attributed to the composition of the
nitrogenous decay products in the discharges. Excess fertilizers decay quickly, while cellulose
materials, such as chaff and detritus, decompose more slowly. Thus, the two discharges that
tend to retain the rice flood water for a longer period of time, or limit the soil losses, to which
nutrients may be adsorbed (post-plant 30-day holding, and no-till), more closely follow
kinetics expected from literature.
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9)

The May (pre- and post-plant) agricultural discharges, in order o f descending

deoxygenation potential, were: mudding-in > clear-water planting > no-till > mudding-in with
vegetative filter strip > 30-day holding.
10)

The September (pre-harvest) agricultural discharges, in order o f descending

deoxygenation potential, were: mudding-in > no-till > mudding-in with vegetative filter strip
> 30-day holding period > clear-water planting.
11)

The average water quality constituents for the BMP drains are presented with

statistics in Chapter S, Table 5.3 and are summarized in Table 10.1.
10.2.5 Estimate the impacts on receiving stream water quality of the BMP ricefield
discharges.
12)

The resuspended loads were determined to have as significant an effect on water

quality as the ricefield discharges. Regulators should scrutinize these loads when determining
wasteload allocation permits. If the agricultural drains that are cyclically discharged into the
receiving water were reduced, the stream assimilative capacity could be expected to reduce
sediment flux loads as well as SOD, increasing water column DO concentrations, even under
critical low-flow and high temperature conditions (Chapter 9, Figure 9.3).
It was determined under the projection scenarios discussed in this study, that with a
continual implementation o f 20% BMPs (80% MI), a reduction of 50% in bottom
resuspended material and DOS may be reasonably expected over a period of years. These are
the minimum reductions that will allow the state DO standard of 5.0 mg/L to be met
throughout the year.
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Table 10.1

Summary of Water Quality Characteristics of Rice BMPs1

BMP

DRAIN

BODS
mg/L

TOC
mg/L

TKN
mg/L

NH3
mg/L

N02/N03
mg/L

DO
mg/L

TSS
mg/L

30-Day1

PH 6

3.22

9.68

2.78

0.51

3.45

4.00

533.3

30-Day

PP7

4.12

13.35

6.54

0.11

9.09

7.36

2522.7

CWP2

PH

10.0

8.85

4.80

a/a

3.40

1.20

360.0

CWP

PP

3.00

12.10

0.20

n/a

0.80

6.30

4255.0

MI ’

PH

5.33

11.43

4.65

0.63

8.90

1.80

420.0

MI

PP

5.47

61.10

6.49

0.90

0.17

5.04

2237.7

MIV 4

PH

6.97

16.53

8.00

1.07

0.35

3.45

800.0

MIV

PP

6.16

26.43

4.60

0.62

0.50

5.10

3870.0

NT5

PH

8.48

11.18

4.60

0.67

3.95

3.50

300.0

NT

PP

3.42

19.60

1.43

0.25

0.40

5.63

2210.0

10.3

Recommendations on Study Results
The data characterizing the rice BMPs, including those of “mudding-in,” were highly

variable. Thus, future studies analyzing water quality samples of ricefield discharges (or other
agricultural water containing recalcitrant constituents) should include analyses of suppressed
BOD2 0 and unsuppressed BOD as well as TOC analyses. This will allow data to be more
universally comparable. The use of a preprocessor to "build" an input dataset for a dynamic

1

2
3
4
5
t
7

30-Day Retention of floodwater in a closed levee system for a specified period during and after
soil disturbing activities
CWP Clear water planting into a prepared seedbed
MI
Traditional mudding-in
MIV
Use of a vegetated filter area
NT
Water planting into previous crop residue
PH
refers to the pre-harvest drain of the riccficlds
PP
refers to the post-plant drain of the ricefields
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mathematical model for predicting responses to pollutant loads in a complex waterbody, such
as BQdeT, is undeniably beneficial for use in assessing water quality improvements resulting
from BMP implementation. Other than the examples provided in this dissertation, the
manager may re-run the scenarios varying BMP participation.

Nomographs may be

constructed to graphically illustrate the effects of water quality in BQdeT o f varying BMP
participation. It may also be possible to build prototype databases for use with LA-WASP
from streams with similar geomorphological and hydrological characteristics. Using this
approach, uncalibrated or pseudo-calibrated (depending on the amount of data available on
the new stream) models may be constructed to assess the effectiveness of BMP
implementation in other drainage basins. BMP evaluations may then be made with more
confidence than was previously possible with only steady-state, critical conditions
("snapshot”) models.
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